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I.  Introduction 

This  report  summarizes  the  research  under  Contract  MOOOlU-78- C-OlU-7 
during  the  period  1  March  1980  through  31  December  1980.  Emphasis  was  con¬ 
tinued  on  the  area  of  nltrooxetane  chemistry,  leading  to  the  first  synthe¬ 
sis  of  3>  3-dinitrooxetane.  An  intermediate  In  this  synthesis,  3-azidooxe- 
tane,  provided  potentially  useful  polymers,  and  process  studies  were  ini¬ 
tiated  to  provide  larger  quantities  of  this  monomer.  Additional  explora¬ 
tory  studies  were  carried  out  on  the  chemistry  of  1-fluoro-l-nitroethylene 
and  the  polymerization  of  fluorodinitroethyl  glycldyl  ether.  A  published 
article  on  the  chemistry  of  3- fluoro- 3 -nltrooxetane  is  presented  as  Appen¬ 
dix  A,  and  related  work  dealing  with  fluoronltrotosylates  is  summarized  in 
Appendix  B. 

II.  Oxetane  Chemistry 
A.  Discussion 

For  the  past  several  years,  studies  of  the  synthesis  and  poly¬ 
merization  of  nitrooxetanes  have  been  emphasized  on  this  program.  Initially,^- 
the  work  was  concerned  with  3-fluor°-3-nitrooxetane,  and  the  compound  was 
obtained  by  the  base  catalyzed  cyclization  of  the  monotriflate,  H0CH2CF(N02)- 
CHgOSOgCFy  Attempts  to  prepare  3» 3-dinitrooxetane  similarly  from  HOCHgC- 
( NO2 ) 2 ®2®®®2 CF3  were  unsuccessful, however,  because  of  the  tendency  of  this 

alcohol  to  deformylate.  The  approach  was  then  taken  to  prepare  a  functional 

2 

oxetane  first  and  then  to  Introduce  nitro  groups  selectively .  A  practical 
route  to  3-hydroxyoxetane  from  epichlorohydrin  was  developed^  in  which  acetic 


acid  was  added  initially  to  the  epoxide.  The  resulting  secondary  hydroxyl 


1 


group  vas  protected  as  the  base-resistant  dihydropyranyl  ether,  and  ester 
hydrolysis  and  cyclization  was  accomplished  with  base. 


0 

/  ' 


FeCl- 


OH 

I 


C1CB2CH-CB2  +  CH^OOgfi  - 4  CICHgCH-CHgOCCHj 


CHgClg 


NaOH 

- »  CHp-CH-0 

fi20  I  l 
0  —  CH 


P 


O 


ClCHgCHCHgOCCHj 

0 


CHp-CH-OH 
I  I 
0  —  CH0 


This  alcohol  vas  converted  to  the  corresponding  tosylate  with  p-tol- 
uenesulfonyl  chloride,  and  displacement  of  the  tosylate  group  with  azide 
ion  gave  3-azidooxetane.  Hydrogenation  of  the  azide  gave  the  amine,  which, 

3 

in  turn,  was  oxidized  with  m-chloroperbenzoic  acid  to  give  3-nitrooxetane. 


ch2-ch-oh 

l  i 
0  -  CHg 


CH^CgH^SOgCl 


CHo-CH-OSOgCgHhCHo  CHo-CH-N. 

»  I  J  NaNo  I  »  J 

0  '  <*2  0-®2 


CH0-CH-NH, 
Kg  I  2  ! 

•>  o  -  ch2 


CHp-CH-NOp 
I  I 
0  — -  CHg 


This  reaction  sequence  aimed  at  the  synthesis  of  3>3-dinitrooxetane 


has  now  been  completed.  The  desired  compound  was  obtained  in  32$  yield  by 
oxidative  nitration  of  the  mononitro  compound.  The  material  is  a  solid  with 
a  melting  point  of  70-71°C  and  a  density  of  1.65.  Treatment  of  3,3-dinitro- 


CHp-CH-NOp 
I  I 

0—  CHg 


NaOH 

NaNOg 


AgN03 


«0„ 


*  i 
0  — 


®2 


oxetane  with  phosphorus  pent&fluorlde  in  nethylene  chloride  resulted  in  no 
reaction,  although  3- f luoro- 3- nitrooxetane  was  polymerised  readily  under 
the  same  conditions.  This  result  Is  consistent  with  calculations  of  Dr. 
Joyce  Kaufman  indicating  extremely  low  basicity  for  the  ether  oxygen  of 
3, 3-dinitrooxetane.  nevertheless,  it  was  found  that  this  oxetane  reacted 
with  only  a  slight  excess  of  triflic  add  in  chloroform  to  give  2,2-dinitro- 
3 - hydroxy- 1 - propyl  trlflate.  The  ring  is  thus  amenable  to  electrophilic 
opening.  Efforts  to  polymerize  3* 3-dinitrooxetane  will  be  continued. 

An  intermediate  in  the  preparation  of  di nitrooxetane,  3-azldooxetane, 
was  also  of  interest  in  its  own  right  as  a  monomer'.  Results  of  a  prelimi¬ 
nary  screening  of  the  effects  of  common  catalysts  on  the  polymerization  of 

3-azldooxetane  are  shown  in  Table  1.  Functionality  was  determined  by  the 
2 

sllylation  method.  An  arbitrary  catalyst  level  of  10  mole  %  was  used,  with 


Catalyst 
(10  mole  *) 

BF3  .  EtgO 

BF3  .  HgO 

bf3  (gas) 
PP5  (gw) 
(cf3so2)2o 


Table  I 

Molecular  Weight  Functionality 

(Vapor  Osmometer)  ________ 

2100  2.0 

1000  1.6 

1400  1.7 

1600  1.3 


440 


methylene  chloride  as  the  solvent.  These  results  are  not  optimized  with 
respect  to  catalyst  level,  reaction  time  and  temperature.  Not  much  quanti¬ 
tative  significance  can  therefore  be  attached  to  the  differences  in  the 
first  three  examples.  Nevertheless,  it  is  seen  that  the  preparation  of 
polymers  with  useful  molecular  weights  and  functionalities  is  feasible. 

A  qualitative  determination  of  the  thermal  stability  of  the 
polymer  was  made  by  heating  samples  and  observing  the  decrease  of  azide 
absorption  in  the  XR  spectrum.  No  change  was  observed  after  15  min  at 
100°C,  but  a  17$  azide  loss  occurred  in  15  min  at  125°C  and  a  27$  loss  in 
15  min  at  l45°C.  The  monomer  was  unchanged  after  1  h  at  150°C. 

Symmetrically  substituted  oxetane  polymers  are  generally  high 
melting  solids.  In  contrast,  the  3-azldooxetane  polymer  16  a  viscous  oil, 
with  the  potential  of  providing  cured  rubbers  with  low  glass  transition 
temperatures . 

This  favorable  combination  of  polymer  properties  led  to  efforts 
to  refine  the  synthesis  procedures  to  enable  the  preparation  of  sufficient 
material  for  evaluation.  The  overall  yield  of  3-hydroxyoxetane  from  epl- 
chlorohydrin  obtained  previously J  was  37$.  Minor  changes  in  work-up  pro¬ 
cedures  improved  this  yield  to  47$. 

The  most  costly  reagent  in  the  process  is  the  hydroxyl  blocking 

agent,  dlhydropyran  ($25 /lb).  The  sequence  was  therefore  repeated  using 

ethyl  vinyl  ether  ($1.4o/lb),  which  has  also  been  used  as  a  blocking  agent. 

The  reaction  of  3- chloro-2- hydroxy- 1- propyl  acetate  with  ethyl  vinyl  ether 

5 

catalyzed  by  pyrldlnium  p-toluenesulfonate  gave  an  almost  quantitative 


crude  yield  of  3 - chloro- 2 - ( 1 - e thoxyethoxy ) - 1 - propyl  acetate.  Hydrolysis  and 
ring  closure  of  this  blocked  acetate  took  place  when  the  material  was  heated 
with  aqueous  sodium  hydroxide.  The  blocking  group  was  then  removed  with 
methanol  and  pyridlnlum  p-toluenesulfonate.  A  39^  yield,  based  on  eplchloro- 
hydrin  of  distilled  3- hydroxyoxetane ,  was  obtained.  Hydroxyoxetane  poly¬ 
merizes  easily,  and  NMR  based  yields  prior  to  distillation  were  approximately 
double  this  figure.  OCgH^ 

OH  0-  CHCHo 

i  Pyr.HOTs  I 

CICKg CHCHgOCCH^  +  CHg-CHOCg^  - >  CICHgCHCHgOCCHj 

0  0 


0(^5 

NaOH  CH  -CH-OCHCH,  CH-GH  CHg-CH-OH 

- ►  I  2  I  3  - i. - I  I 

H  O  0  -  CHg  Pyr-HOTs  0— CH2 


The  yield  in  the  conversion  of  3-hydroxyoxetane  to  the  tosylate 

was  also  improved.  4-Dlmethylaminopyrldine  has  been  reported  to  catalyze 

6 

acylation  reactions.  In  the  presence  of  this  compound  and  triethylamine,  3- 
hydroxyoxetane  reacted  with  p-toluenesulfonyl  chloride  to  give  the  tosylate 
in  yields  of  62-88 


CHp-CH-QH 
I  I  + 

0  —  CHg 


n^-n(ch3)2 

- > 

(C2H5)3N 


CHg- CH-0S02-/^-  CH3 
0  -  CHg 


The  greatest  obstacle  to  scale-up  of  the  preparation  of  3-ezido 
oxetane  was  the  final  step,  the  displacement  of  the  tosylate  with  azide. 
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The  reaction  was  previously  carried  out  in  hexamethylphajphoramlde  (HMPA), 
at  87°G,  and  the  azide  was  obtained  in  50 $  yield.  This  solvent  is  highly 
toxic,  and  not  readily  available  in  large  quantities.  Furthermore,  a  snail 
amount  of  solvent  codistllls  with  the  product,  necessitating  a  potentially 
hazardous  redistillation.  Other  solvents  were  therefore  examined.  The  re¬ 
action  was  also  found  to  take  place  in  sulfolane,  but  the  yield  of  3-e-zido- 
oxetane  was  only  30$.  The  use  of  triethylene  glycol  as  the  solvent  re¬ 
quired  a  higher  reaction  temperature,  l60°C,  but  the  reaction  could  be  run 
under  vacuum  and  the  product  removed  as  it  was  formed.  Pure  3-&zidooxetane 
was  obtained  in  this  way  in  55$  yield.  Polyethylene  glycols  are  inexpen¬ 
sive,  nontoxic  and  widely  available. 


ch2-ch-oso2’<^>~  ch3 
o  -  ch2 


H(0GH2CH2)30H 


cHg-cm. 

I  I  J 

o  -  ch2 


Another  potential  route  to  3-azidooxetane  is  based  on  the  re- 
7 

ported  addition  of  iodine  azide  to  primary  olefins  to  give  secondary  azides. 

The  application  of  this  reaction  to  allyl  alcohol  afforded  2-azido-3-iodo-l- 

propanol  in  9 9$  yield.  /S-lodoazides  are  known  to  undergo  HI  elimination 

7 

with  strong  base  to  give  vinyl  azides  ,  but  in  this  case  it  was  hoped  that 

oxetane  ring  closure  would  predominate.  However,  no  3-azidooxetane  was 

formed  with  potassium  t-butoxlde  in  t-butanol  or  ether,  with  DBU  in  methylene 

chloride,  or  with  aqueous  sodium  hydroxide. 

N 

CHoCN  i J  base 

CH^CH-CHgOH  +  IN3  — - — »  ICH3CHCH20H  X  >  CH2-CH-N3 

0  -  ch2 
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B.  Experimental 

3. 3-Dinitrooxetane.  A  solution  of  0.390  g  (3*6  mmol)  of  3- 
nitrooxetane  and  0.310  g  (4.4  mmol)  of  sodium  nitrite  In  4.4  mL  of  methanol 
and  4.4  mL  of  1.0  M  aqueous  potassium  hydroxide  was  added  to  a  stirred  mix¬ 
ture  of  1.50  g  (8.8  mmol)  of  silver  nitrate  in  3*0  mL  of  water  and  15  mL  of 
ether.  After  the  reaction  mixture  was  stirred  for  2  b,  3  mL  of  a  saturated 
sodium  chloride  solution  was  added  and  stirring  was  continued  for  20  min. 

The  reaction  mixture  was  then  filtered  through  celite  and  the  filter  cake 
ms  washed  with  ether.  The  aqueous  solution  was  extracted  with  more  ether 
(2  x  15  mL)  and  the  combined  ether  solutions  were  dried  and  evaporated 
in  vacuo  to  give  0. 330  g  of  a  solid  residue.  Preparative  TLC  (CHgClg)  gave 
0.180  g  (32.05&)  of  analytically  sure  3 > 3-dinitrooxetane;  mp  70-71°C;  NMR 
(CDC13)^5.27  (s);  IRfCHgClg)  1580,  1330  (-NOg),  1000  cm*1  (oxetane);  d  =  I.65. 

Anal.  Oalcd  for  C^H^NgO^:  C,  24.34;  H,  2. 72;  Found:  C,  24.54; 

H,  2.80. 

Reaction  of  3, 3-Dinitrooxetane  with  Trifluoromethanesuifonlc  Acid. 
Trifluoromethanesulfonic  acid  (0.030  mL,  0.33  mmol)  was  added  to  a  solution 
of  0.044  g  (0.3  nmol)  of  3> 3-dinitrooxetane  in  0.5  mL  of  CDCly  The  reaction 
was  followed  by  NMR.  In  24  h,  4656  of  the  oxetane  had  been  converted  to  2,2- 
dinitro-3-hydroxy-l-propyl  triflate.  After  13  days,  NMR  indicated  an  8756 
conversion  of  the  oxetane  to  the  corresponding  monotriflate.  Properties  of 
this  triflate  are  described  in  Appendix  A.  ] 

Attempted  polymerization  of  3i 3-Dlnitrooxetane  with  Phosphorous  I 


Pentaf luoride .  Phosphorous  pentafluoride  was  bubbled  for  several  minutes 


into  a  solution  of  0.074  g  (0.50  mmol)  of  3, 3-dlnitrooxetane  in  1.4  mL  of 
methylene  chloride.  After  the  solution  was  stirred  for  10  minutes,  the 
reaction  was  quenched  by  the  addition  of  1  mL  of  methanol.  The  3>  3-dini- 
trooxetane  was  recovered  quantitatively. 

3-  Chloro-2-hydroxy- 1- propyl  acetate .  Eplchlorohydrin  (187  g, 

2.0  mol)  was  added  dropvise  over  a  75  min  period  to  a  mechanically  stirred 
suspension  of  10.0  g  (0.062  mol)  of  anhydrous  ferric  chloride  in  138  mL 
(2.4  mol)  of  glacial  acetic  acid  at  0-10°C.  After  the  addition  was 

completed,  the  reaction  mixture  was  stirred  one  h  and  was  allowed  to  stand 
at  room  temperature  for  2  days.  Anhydrous  sodium  acetate  (5.1  g,  0.062  mol) 
was  added  and  excess  acetic  acid  was  then  removed  in  vacuo.  The  mixture  was 
diluted  with  200  mL  of  methylene  chloride  and  filtered  through  cellte.  The 
solution  was  washed  with  10$  potassium  carbonate  and  dried  over  potassium 
carbonate  and  sodium  sulfate.  Removal  of  the  methylene  chloride  in  vacuo 
gave  275  g  of  crude  3-chloro-2-hydroxy-l-propyl  acetate,  and  an  additional 
9  g  was  recovered  by  extracting  the  potassium  carbonate  solution  with  methyl¬ 
ene  chloride  (93$  crude  yield).  This  material  was  used  without  purification 
in  the  subsequent  step.  *H  NMR  (CDClj)d  2.10  (s,  3  H,  -COCH^);  3*Q0  (m, 

6  H,  -CHgCHfOlOCHg-);  IR  (film)  3500  (-0H);  1735  cm'1  (-OOCHj). 

3-  Chloro-2-  ( 1-ethoxyethpxy  )»!-•  propyl  acetate .  A  solution  of 
3O.5  g  (0.20  mol)  of  3-chloro-2-hydroxy-l-propyl  acetate,  22  g  (0.30  mol)  of 
ethyl  vinyl  ether,  and  7*5  g  (0.030  mol)  of  pyrldlnlum  p-toluenesulfonate 
in  130  mL  of  methylene  chloride  was  stirred  at  room  temperature  for  6  h. 

'me  solution  was  then  washed  with  75  mL  of  water,  dried  and  stripped  of 
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solvent  in  vacuo  to  give  44.0  g  (98.0jl)  of  3-chloro-2-(l-ethoxyethoxy)-l- 
propyl  acetate:  ^H  NMR  (CDCl^)/ 1.05-1.37  (overlapping  t  and  d,6  H,  -CEqCHj 
and  -Cafflj);  2.07  U,  3  H,  -00CH3);  3.53  and  4.12  (m,  7  H,  -CHgCHCHg-  and 
CHpCHg);  4.72  (q,  J«4  Hz,  1  H,  -CHCH3);  IR  (film)  1740  cm’1  (-OOCHj). 

The  unpurified  product  wa6  used  in  the  next  step. 

3-  ( 1-Ethoxyeth oxy ) oxetane .  A  mixture  of  33-7  g  (0*15  ®ol)  of 

3- chloro- 2 - ( 1- ethoxyet hoXy ) propyl  acetate  and  18  g  (0.45  mol)  of  sodium 

hydroxide  in  45  mL  of  water  was  heated  at  reflux  for  21  h.  The  reaction 
mixture  was  then  cooled  to  room  temperature  and  extracted  with  150  ml  of  2:1 
methylene  chloride-ether  and  100  oL  of  1:1  methylene  chloride-ether.  The 
solution  was  dried  and  solvent  was  removed  to  give  19.0  g  of  crude  3-(l- 
ethoxyetboxy)oxetane:  ^  NMR  (CDClj)  c>  1.00-1.40  (overlapping  t  and  d, 

6  H,  -GHpOig  and  -OiOij);  3*52  (q,  J=4  Hz,  2  H,  -CH2CH3),  4.60  (m,  6  H, 
CHgCHCHgd)  and  -CHCHj);  IR  (film)  980  cm  1  (oxetane). 

3-Hydroxyoxetane .  A.  A  solution  of  15 .0  g  of  crude  3-(l-«thoxy- 
ethoxy)oxetane  and  0. 58  g  (2.3  mmol)  of  pyridlnlum  p-toluenesulfonate  in 
75  mL  of  methanol  was  heated  at  reflux  for  16  h.  The  methanol  was  removed 
in  vacuo  and  the  residue  was  extracted  with  ether  (50  mL  and  10  mL).  Re¬ 
moval  of  the  ether  in  vacuo  left  7.0  g  of  crude  3-hydroxyoxetane,  which  did 
not  contain  significant  impurities  on  the  basis  of  H  NMR  and  GC.  Vacuum 
distillation  afforded  3.7  g  of  3-hydroxyoxetane,  bp  63-68°C  (4.0  mm).  The 
overall  yield  of  distilled  3-hydroxyoxetane  from  epichlorohydrin  was  39*4^. 
B.  A  solution  of  805  g  of  crude  3-tetrahydropyranyloxyoxetane  and  30.2  g 
(0.12  mol)  of  pyridlnlum  p-toluenesulfonate  in  4  L  of  methanol  was  heated  at 
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reflux  for  23  h.  The  methanol  was  removed  in  vacuo  and  the  residue  was  ex¬ 


tracted  with  ether  (2000  mL  and  100  mL).  The  ether  was  removed  in  vacuo, 
and  vacuum  distillation  of  the  residue  gave  172.7  g  of  3-hydroxyoxetane : 
bp  65-70° C  (5*0  mm).  The  overall  yield  of  3-hydroxyoxetane  from  epichloro- 
hydrin  was  46.7^. 

3-0xetyl  Tosylate.  A  solution  of  19*2  g  (0.10  mol)  p-toluene- 
sulfonyl  chloride  In  100  mL  of  ether  was  added  dropvlse  over  30  min  to  a 
mechanically  stirred  solution  of  7*4  g  (0.10  mol)  of  3-hydroxyoxetane,  10. 9  g 
(0.11  mol)  of  trlethylamlne,  and  6.1  g  (0. 050  mol)  of  4-dimethylamlnopyrldine 
in  100  mL  of  ether.  The  resulting  suspension  was  stirred  for  16  h  and  was 
then  filtered.  Ihe  solvent  was  removed  in  vacuo  and  a  solution  of  the  resi¬ 
due  in  30  mL  of  methylene  chloride  was  applied  to  a  100  g  silica  gel  column. 
Elution  with  700  mL  of  3:1  methylene  chloride-ethyl  acetate  afforded  20.0  g 
(87.7^)  of  3-oxetyl  tosylate.  Most  of  the  product  was  eluted  with  the  first 
230  mL  of  solvent. 

3-Azidooxetane .  A  suspension  of  2.30  g  (0.010  mol)  of  3-oxetyl 
tosylate  and  0.70  g  (0.10  mol)  of  sodium  azide  in  5  mL  of  triethylene  glycol 
was  heated  at  l60°C  (40  mm)  to  effect  the  distillation  of  0. 550  g  (  55  •  51& )  of 
3-azidooxetane . 

Poly ( 3-azidotrimethylene  ether ) .  To  a  solution  of  0.212  g  (2.1 
mmol)  of  3-azldooxetane  in  1.0  mL  of  methylene  chloride  cooled  vlth  an  ice- 
bath,  was  added  0.025  mL  (0.2  mmol)  of  freshly  distilled  boron  trlfluorlde 
etherate.  After  4.5  h,  the  resulting  yellow  solution  was  quenched  with 
1.0  mL  of  pH  7*0  phosphate  buffer.  The  resulting  emulsion  was  broken  by 


the  addition  of  methylene  chloride  and  water.  The  organic  phase  was  dried 
and  solvent  was  removed.  Die  residue  was  dissolved  in  4  mL  of  methylene 
chloride,  and  16  mL  of  hexane  was  added  to  precipitate  the  polymer,  lbe 
precipitate,  a  viscous  oil  was  dried  under  vacuum  to  give  0.092  g  (43*4$) 
of  poly(3-azidotrimethylene  ether):  H  NMR  (CDCl^) &  3-^3  (8);  IR  (CHgClg) 
3650  (-0E);  2150  cm”1(-l*3)i  mol  wt  (VPO,  ethyl  acetate,  35°C)  2100;  func¬ 
tionality  by  the  sllylatlon  method  was  2.0. 

2-Azldo- 3- lodo-1- propanol.  A  solution  of  4.08  g  (25  mmol)  of 
iodine  monochloride  in  5  mL  of  dry  acetonitrile  was  added  dropwlse  over 
17  min  to  a  stirred  suspension  of  3*28  g  (50  mmol)  of  sodium  azide  in  15  mL 
of  acetonitrile  at  -5°C.  After  10  min,  1.16  g  (20  mmol)  of  freshly  distil¬ 
led  allyl  alcohol  was  added.  The  reaction  mixture  was  stirred  for  16  h  and 
was  then  poured  into  50  ml  of  water.  The  resulting  mixture  was  extracted 
with  ether  (3  x  20  mL).  The  ether  solution  was  washed  with  30  mL  of  10$ 
sodium  thiosulfate  solution  and  then  with  30  mL  of  saturated  sodium  chloride 
solution.  The  solution  was  dried  and  solvent  was  removed  in  vacuo  to  give 
4.46  g  (98.1$)  of  2-azido- 3- iodo-1- propanol:  NMR  (CDa^)  ^3.25  (d,  J«4  Hz, 

2  H,  -QLpQH);  3.77  (m,  4  H,  -CHgCH^)-  and  -OH);  IR  (CHgC^)  3650  (-0&); 
2150  cm"1  (-»3). 

Stability  of  poly(3-azldotrimethylene  ether).  The  neat  polymer 
was  heated  1  hour  at  9cPc  and  then  15  min  at  100°C  without  any  loss  of  the 
azide  group  as  determined  by  IR.  However,  heating  the  neat  polymer  15  min 
at  125°C  effected  a  17$  loss  of  the  azide  group  and  heating  15  min  at  l45°C 
effected  a  27$  loss  of  the  azide  group.  The  analysis  was  carried  out  by 
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recording  the  IR  spectrum  of  the  polymer  In  C^Clg  and  then  removing  the 
solvent.  The  neat  polymer  was  heated  for  the  specified  period,  cooled,  and 
diluted  quantitatively  with  methylene  chloride.  The  IR  spectrum  was  then 
redetermined.  Heating  neat  3  -  a  z idooxetane  for  1  h  at  150°C  did  not  effect 
any  loss  of  the  azldo  group. 

III.  Miscellaneous 

A.  Discussion 

3 

In  the  preceding  report,  an  improved  synthesis  of  1-fluoro-l- 
nltroethylene  was  described,  consisting  of  the  selective  hydrolysis  of  di¬ 
ethyl  fluoronitrooalonate  to  2-fluoro-2-nitroethanol,  followed  by  dehydra¬ 
tion.  The  dehydration  reagents  that  were  tried  were  acetic  anhydrlde- 


0 

ii 


i)  Kgoo^a^o 


(Et0C)oCFl»C>, 


-15°C 


2)  H+ 


HCFMC^CHgQH 


->  d^.CPNOg 


potassium  acetate,  phthalic  anhydride  and  dlcyclohexyl  carbodlimlde.  Yields 
were  low  and  poorly  reproducible  by  all  three  methods,  and  the  product  was 
not  pure. 

Subsequently,  improved  results  were  obtained  by  heating  the  al¬ 
cohol  with  alumina  at  135-1^0°C  under  vacuum.  A  mixture  of  2-fluoro-2-nitro- 
ethylene  and  water  was  collected,  and  simple  distillation  gave  the  olefin 
consistently  in  15-20$  yield. 


AloO- 

CHFH02CH2OH  - »  CFMOg.CHg 
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Attempts  to  polymerize  this  olefin  were  unsuccessful.  Amine 
bases  such  as  pyridine  or  DBU  in  ether  or  methylene  chloride  resulted  in 
rapid  decomposition  at  0°.  Potassium  carbonate  or  sodium  bicarbonate  give 
decomposition  product  with  loss  of  fluoride  ion.  Free  radlfeal  initiators  (dl-t- 
butyl  peroxide,  AIBN)  also  gave  unstable  products  that  lost  fluoride. 

Heating  the  neat  olefin  resulted  in  detonation  at  100°C.  The  olefin  gave 
a  Dlels-Alder  adduct  with  2,3-dimethylbutadiene. 

As  an  in- situ  source  of  1-fluoro-l-nitroethylene  for  Michael 
reactions,  2-fluoro-2-nitroethyl  acetate  was  found  to  be  useful.  Diethyl 
sodlomalonate  as  well  as  lithio  2-nltropropane  gave  the  corresponding  adducts. 


(EtOC)2CHNa  +  HFCN02CH2000CH3 
(CH3)2CN02Li  +  KFCIK)2CH2OOOCH3 


(Et0C)2CHCH2CHFN02 

(ch3)2cmo2ch2chfho2 


Some  additional  work  was  also  carried  out  on  the  polymerization 
of  fluorodinitroethyl  glycidyl  ether,  with  the  objective  of  preparing  di¬ 
functional  hydroxyl  terminated  oligomers  with  a  molecular  wmlght  of  several 


thousand . 


In  the  preceding  report  periodJ  hydrated  triflic  acid  was 


used  to  prepare  difunctional  oligomers  with  molecular  weights  of  1200  to 
1800,  along  with  nonfunctional  cyclic  materials.  Further  work  with  this 
system  did  not  provide  higher  molecular  weight  products. 

The  trlethylalumlnum- water  catalyst  system  has  been  used  com¬ 
mercially  to  produce  very  high  molecular  weight  polymers  from  epoxides.  Me 
have  attempted  to  use  relatively  large  amounts  of  these  catalysts  to  produce 
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polymers  with  controlled  molecular  weights. 


A  triethylaluminum- water  catalyst  (2:1  ratio)  provided  the 
best  results,  and  mobile  products  with  molecular  weights  as  high  as  30,000 
were  obtained.  However,  the  catalyst  efficiency  was  not  readily  reprodu¬ 
cible,  and  the  polymer  functionality  was  generally  1.0  or  less.  Similar 
results  were  obtained  with  triethylaluminum-ethylene  glycol. 

B.  Experimental 

1- Fluoro- 1- nltroethylene .  A  500  mL  flask  containing  a  stirring 
bar,  30  g  (0.33  mol)  of  2-fluoro-2-nitroethanol  and  150  g  of  neutral  acti¬ 
vated  alumina  was  connected  to  a  rotary  evaporator  with  a  -00°  exit  trap. 

The  flask  was  rotated  for  30  min  at  ambient  conditions  and  then  for  4  h  at 
135-l4o°C  under  vacuum  (105  mm  Hg).  A  mixture  of  product  and  water  collected 
in  the  trap.  The  lower  layer  was  separated,  and  was  filtered  through  sodium 
sulfate  in  a  Pasteur  pipette.  Distillation  with  a  6hort  path  still  gave 
3*7  6  (15$  yield)  of  1- fluoro- 1-nitroethylene,  bp  72-70°C. 

l>2-Dlmethyl-4-fluoro-4-nitrocyclohexene.  A  sealed  tube  contain¬ 
ing  0.1  g  of  1- fluoro- 1-nitroethylene  and  0.5  mL  of  2, 3-dimethyl- 1,3-buta- 
dlene  was  heated  at  80-90°C  for  2.5  h.  The  mixture  was  diluted  with  methyl¬ 
ene  chloride  and  filtered  through  silica  gel.  Solvent  and  excess  olefin  were 
removed  under  vacuum.  The  residue  showed  a  single  GC  peak:  WMR  (CDCl^) 

6  2.00-3.43  (m,  6  H,  ring)  and  1.67  (s,  6  H,  CH^);  F  NMR  (CDCl^)  ^  124.2  (m). 

Diethyl  2-Fluoro-2-nitroethylmalonate.  To  a  solution  of  5*0  mmol 
of  diethyl  sodlomalonate  in  20  mL  of  1:1  tetrahydrofuran- methylene  chloride 
was  added  0.302  g  (2.0  mmol)  of  2-fluoro-2-nltroethyl  acetate,  and  the 


mixture  was  stirred  18  h.  The  mixture  was  poured  into  cold  1  H  HC1  and  the 
product  was  extracted  with  methylene  chloride.  The  solution  was  dried  over 
magnesium  sulfate  and  solvent  was  removed.  Silica  gel  flash  chromatography 
(3/4"  x  12"  column,  methylene  chloride-ethyl  acetate)  gave  0.15  g  (300)  of 
colorless  oil:  IR  (film)  1740  and  1580  cm'1;  XH  NMR  (CDCl^  <?6.02  (d,  t,  J- 
50,  6  Hz,  1  H,  CHFN02),  4.23  (q,  J-8  Hz,  4  H,  CHgCB^),  3.6O  (t,  J-7  Hz,  1  H, 
CH(C02Et)2,  2.37-3.07  (m,  2  H,  CHgCHF),  and  1.30  (t,  J-8  Hz,  6  H,  CHj);  19F 
NMR  (CDa.3)  <j)  147.1  (m). 

1-Fluoro- 3-methyl- 1, 3-dlnltrohutane .  To  a  slurry  of  0.475  g 
(5.0  mmol)  of  lithio  2-nitropropane  in  3  ml  of  tetrahydrofuran  at  0°  was  ad¬ 
ded  0.302  g  (2.0  mmol)  of  2-fluoro-2-nltroethyl  acetate.  The  mixture  was 
stirred  18  h  at  room  temperature,  and  was  then  quenched  with  20  mL  of  cold 
0.5  N  HC1.  Extraction  with  methylene  chloride  gave  an  oil.  Flash  chroma¬ 
tography  (3/4"  x  12"  silica  gel  column,  CHgClg)  6&ve  the  adduct  (300)?  ^  NMR 
( CDCl^) J  6. 37  and  5-53  (d  Of  AB  quartets,  J=5,4  Hz,  1  H,  CHFNOg),  2.5-3.17 
(m,  2  H,  CI^CHF)  and  1.77  (s,  6  H,  CH3);  19F  NMR  (CDCI3)  <|>  144.5  (m). 

Polymerization  of  Fluorodinitroethyl  Glycidyl  Ether  with  Tri- 
ethylal»mi nnm- Water.  To  a  stirred  mixture  of  0. 3  ml  of  methylene  chloride 
and  0.9  p L  (0.05  mmol)  of  water  under  nitrogen  was  added  0.05  mL  (0.10  nmol) 
of  250  triethylaluminum  in  hexane.  In  10  min  0.29  mL  (2.0  mmol)  of  fluoro¬ 
dinitroethyl  glycidyl  ether  was  added,  and  the  resulting  solution  was  stirred 
for  60  h  at  ambient  temperature.  Acetonitrile  (5  mL)  and  0. 5  mL  of  100  aqueous 
ammonium  chloride  were  added  and  the  mixture  was  stirred  for  15  min.  The  pro¬ 
duct  was  dried  over  magnesium  sulfate  and  solvent  was  removed.  NMR  indicated 


that  78jt  of  the  epoxide  was  consumed.  Flash  chromatography  (3A"  x  12" 
silica  gel  column)  yielded  0.063  g  of  monomer  (200  mL  methylene  chloride 
eluent),  0.236  g  (63^  yield)  of  polymer  with  a  VPO  molecular  weight  of 
1100  (300  mL  of  4:1  methylene  chloride-ethyl  acetate)  and  0.06l  g  of  poly¬ 
mer  with  a  molecular  weight  of  4,442.  Functionality  of  the  polymer  frac¬ 
tions  was  1.0  by  silylation. 
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The  reaction  of  diethyl  fluoronitromalonate  with  base  and  formaldehyde  provided  a  convenient  synthesis  of 
2-fluoro-2-nitro-  1,3-propanediol.  This  diol  reacted  with  triflic  anhydride  to  give  2-fluoro-3-hydroxy-2-nitro-l-propyl 
triflate  and  2-fluoro-2-nitro-l, 3-propylene  ditriflate.  The  monotriflate  reacted  with  base  to  give  3-fluoro-3* 
nitrooxetane.  The  ditriflate  underwent  displacement  reactions  with  sodium  azide,  2-fluoro-2,2-dimtroethanoI, 
and  methanol.  Reactions  of  3-  fluoro-  3- nitrooxetane  with  strong  acids  resulted  in  ring  opening  to  give  3-subetituted 
2-fluoro-2~nitropropanols.  The  oxetane  was  polymerized  with  phosphorus  pentafluoride.  Triflates  derived  from 
2,2-dinitro-l, 3-propanediol  and  2-(hydroxymethyl)-2-nitro-l, 3-propanediol  did  not  cyclize. 


Primary  2-nitro  and  2,2-dinitro  alcohols  readily  undergo 
the  reverse  Henry  reaction  under  basic  conditions  to  give 
nitronate  salts  and  formaldehyde.2  This  reaction  is 
markedly  inhibited  by  a  fluorine  a  to  nitro  as  a  manifes¬ 
tation  of  the  “fluorine  effect”  or  the  destabilization  of  a 
nitronate  salt  by  an  a  fluorine.3  Thus,  2~fluoro-2,2-di- 


11)  This  work  was  supported  by  the  Office  of  Naval  Research. 

(2)  Feuer,  H.;  Bachman,  G.  B.;  Kispereky,  J.  P.  J.  Am.  Chem.  Soc. 
19*1,  73,  1360. 

(3)  Adolph,  H.  G.;  Kamlet,  M.  J.  J.  Am.  Chem.  Soc.  1966, 88,  4761. 
Hine,  J.;  Mahonc,  L.  G.;  Liotta,  C.  L.  /bid.  1967, 89,  5911. 


nitroethanol  can  be  alkylated  under  basic  conditions** 
and  2-fluoro*2*nitro*l,3*propanediol  has  even  been  re* 
ported  to  give  a  stable  dialkoxide  salt  In  order  to  explore 
further  the  chemistry  of  2-fluoro-2-nitro-l, 3-propanediol, 
we  have  developed  an  improved  method  for  its  prepara* 
tion,  and  the  present  paper  describes  reactions  of  its  tri¬ 
fluoromethanesulfonates  (triflates). 


(4)  Adolph,  H.  G.;  Kamlet,  M.  J.  J.  Org .  Chem .  1969, 34 , 45. 
(6)  Grakauakaa,  V.;  Baum,  K.  J.  Org.  Chem.  190,  34, 3927. 
(6)  Grakauakaa,  V.  J.  Org.  Chem.  1179,  35. 3030. 
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Triflates  have  been  used  previously7  to  alkylate  polynitro 
alcohols  that  could  not  be  alkylated  by  other  reagents.  One 
objective  of  this  work  was  to  utilize  both  the  stability  of 

2- fluoro-2-nitro  alcohols  under  basic  conditions  and  the 
high  reactivity  of  triflates  in  displacement  reactions  to 
synthesize  3-fluoro-3-nitrooxetane.  Two  nitrooxetanes 
were  reported  previously,  and  only  one  had  a  nitro  group 
on  the  ring;  the  reaction  of  2-(hydroxymethyi)-2-nitro- 
1,3- propanediol  with  phosphorus  pentachloride  was  re¬ 
ported  to  give  3-(chloromethyl)-3-nitrooxetane8  as  a  minor 
byproduct.  The  other  reported  nitrooxetane,  3,3-bis(ni- 
tromethyl)oxetane  was  obtained  from  3,3-bis(iodo- 
methyl)oxetane  and  silver  nitrite.9 

2- Fluoro-2-nitro- 1,3-propanediol  was  first  synthesized 
by  fluorination  of  the  nitronate  salt  of  2,2-dimethyl- 5- 
nitro-l,3-dioxane  and  subsequent  acid  hydrolysis  of  the 
dioxane.10  The  fluorination  of  the  nitronate  salt  of  2- 
nitro- 1,3-propanediol  was  also  reported  to  afford  2- 
fluoro-2-nitro- 1,3- propanediol,  but  a  dilute  (1:50)  fluo¬ 
rine-nitrogen  mixture  and  prolonged  reaction  times  were 
used.11  We  were  unable  to  carry  out  this  fluorination  on 
a  useful  scale  because  of  ignition  at  the  fluorine  inlet. 

A  much  more  facile  direct  fluorination  gives  diethyl 
fluoronitromalonate  from  diethyl  nitromalonate  in  high 
yield,  and  hydrolysis  of  this  product  has  been  shown  to  give 
ethyl  fluoronitroacetate.12  These  reactions  provide  the 
basis  for  a  convenient  preparative  route  to  2-fluoro-2- 
nitro- 1,3-propanediol.  A  solution  of  diethyl  fluoronitro¬ 
malonate  in  ethanol  was  treated  with  1  equiv  of  potassium 
hydroxide  below  -10  °C  and  then  with  2  equiv  of  aqueous 
formaldehyde.  Hydrolysis,  decarboxylation,  and  formyl- 
ation  took  place  in  situ  to  give  2-fluoro-2-nitro- 1,3- 
propanediol.  The  crude  diol  could  not  be  recrystallized 
easily,  and  the  high  pot  temperatures  needed  for  distilla¬ 
tion  resulted  in  some  decomposition.  However,  silylation 
of  the  crude  diol  enabled  convenient  purification  by  dis¬ 
tillation,  and  the  silyl  groups  were  readily  removed  with 
refluxing  methanol.  A  71%  yield  of  2-fluoro-2-nitro- 1,3- 
propanediol  was  obtained  in  this  way  from  diethyl  fluo¬ 
ronitromalonate  (Scheme  1). 

The  desired  triflates  were  prepared  from  the  above  al¬ 
cohol  by  conventional  procedures,  with  the  predominant 
product  determined  by  the  stoichiometry.  A  twofold  ex¬ 
cess  of  2-fluoro-2-nitro-l, 3-propanediol  reacted  with  triflic 
anhydride  and  pyridine  to  give  a  79%  yield  of  2-fluoro- 

3- hydroxy-2-nitro-l -propyl  triflate  and  a  9%  yield  of  2- 
fluoro2-nitro-l, 3-propylene  ditriflate.  When  only  1  equiv 


(7)  Beard,  C.  D.;  Baum,  K.;  Grakauskas,  V.  J.  Org.  Chem.  1973,  38, 
3673. 

(8)  Kleinfeller,  H.  Chem.  Ber.  1929,  62, 1582.  The  only  evidence  in 
support  of  the  structural  assignment  was  elemental  analysis. 

(9)  Nielsen,  A.  T.;  Finnegan,  W.  G.  Tetrahedron  1966,  22,  925. 

(10)  Kissinger,  L.  W.;  Benziger,  T.  M.;  Rohwer,  R.  K.  Tetrahedron , 
Suppl.  1964,  320. 

(11)  Eremenko,  L.  T  ;  Oreshko,  G.  V.  Uv.  Adad.  Nauk  SSBR,  Ser. 
Khim.  1969,  380. 

(12)  Adolph,  H  G.;  Oesterling,  R.  E.;  Sitzman,  M.  E.  J.  Org.  Chem. 
1968,  33,  4298. 


of  the  diol  was  used,  the  yields  of  monotriflate  and  di¬ 
triflate  were  52%  and  28%,  respectively.  Reaction  of  the 
diol  with  2  equiv  of  both  triflic  anhydride  and  pyridine 
afforded  the  ditriflate  in  76%  yield  (eq  1). 

(CFsSCMjO 

H0CH2CF(N02)2CH20H  - - 

pyridine 

cf3so2cx:h2cf(no2)ch2oh  + 

cFsS02cx:h2cf(no2)CH2oso2cf3  (l) 

The  cyclization  of  2-fluoro-3-hydroxy-2-nitro-l -propyl 
triflate  proved  to  be  a  surprisingly  facile  reaction  and  gave 
3-fluoro-3-nitrooxetane,  the  first  fully  characterized  oxe- 
tane  with  a  nitro  group  on  the  ring.  Thus  the  use  of  1,8- 
diazabicyclo[5.4.0]undec-7-ene  (DBU)  as  the  base,  in 
methylene  chloride  solution  at  room  temperature,  provided 
a  62%  isolated  yield  of  3-fluoro-3-nitrooxetane.  Similar 
yields  (NMR)  were  obtained  with  potassium  hydroxide  or 
potassium  carbonate  in  aqueous  dioxane,  with  triethyl- 
amine  in  chloroform,  and  with  potassium  methoxide  in 
methanol.  The  latter  reaction  gave  no  evidence  of  meth¬ 
oxide  displacement  of  the  triflate  group.  Pyridine,  how¬ 
ever,  did  not  effect  cyclization,  but  underwent  N-alkylation 
to  give  2-fluoro-3-hydroxy-2-mtro-l-propylpyridinium 
triflate  (Scheme  II). 

Displacement  reactions  of  2-fluoro-2-nitro-  1,3-propylene 
ditriflate  were  also  studied.  Sodium  azide  in  dimethyl 
sulfoxide  at  room  temperature  gave  a  quantitative  yield 
of  l,3-diazido-2-fluoro-2-nitropropane,  identified  spectrally 
and  by  conversion  to  the  bis(triazole)  derivative  with 
propiolic  acid  (eq  2).  Similarly,  the  reaction  of  the  di- 

NaN, 

CF3S020CH2CF(N02)CH20S02CF3  — - 

N3CH2CF(N02)CH2N3  (2) 

triflate  with  2-fluoro-2,2-dinitroethanol  in  dioxane-for- 
malin  afforded  a  22%  yield  of  l,3-bis(2-fluoro-2,2-di- 
nitroethoxy)-2-fluoro-2-nitropropane  (eq  3).  The  ditriflate 
CF3S020CH2CF(N02)CH20S02CF3  + 

KOH 

FC(N02)2CH20H - 

CHjO 

FC(N02)2CH20CH2CF(N02)CH20CH2CF(N02)2  (3) 

underwent  rapid  decomposition  with  methanolic  potassium 
methoxide  at  room  temperature,  but  with  refluxing 
methanol  containing  suspended  sodium  sulfate,  a  32% 
yield  of  l,3-dimethoxy-2-fluoro-2-nitropropane  and  a  16% 
yield  of  2-fluoro-3-methoxy-2-nitro-l-propyl  triflate  were 
obtained.  Sodium  sulfate  has  been  used  previously  as  a 
mild  acid  scavenger  in  triflate  reactions7  (eq  4). 

CH,OH 

CF3S020CH2CF(N02)CH20S02CF3 - - 

CH30CH2CF(N02)CH20CH3  + 

CF3S020CH2CF(N02)CH20CH3  (4) 

Ring  opening  of  3-fluoro-3-nitrooxetane  occurred  with 
strong  acids.  Concentrated  hydrochloric  acid,  hydrobromic 
acid,  and  anhydrous  triflic  acid  gave  3-chloro-2-fluoro-2- 
nitro- 1-propanol,  3-bromo2-fiuoro-2-nitro- 1  -propanol,  and 
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2-fluoro-3-hydroxy-2-nitro- 1-propyl  triflate,  respectively 
(eq  5).  With  50%  aqueous  sulfuric  acid,  2-fluoro-2- 

F 

+  HX  —  HOCHgCCHgX  (5) 

NOg 

X  =  Cl,  Br,  CFjSO, 

nitro-1, 3-propanediol  was  obtained.  The  oxetane  did  not 
react,  however,  with  glacial  acetic  acid  at  80  °C,  with  triflic 
anhydride  in  ether  at  room  temperature,  or  with  metha- 
nolic  strong  acids. 

Cationic  polymerizations  of  oxetanes  are  inhibited  by 
electron-withdrawing  substituents,13  and  polymerizations 
of  examples  with  substituents  comparable  to  those  of  3- 
fluoro-3-nitrooxetane  have  not  been  reported.  An  effective 
catalyst  for  oxetane  polymerizations  has  been  reported  to 
be  phosphorus  pentafluoride.14  Reaction  of  an  excess  of 
this  catalyst  with  3-fluoro-3-nitrooxetane  in  methylene 
chloride  at  room  temperature  resulted  in  rapid  polymer¬ 
ization  (eq  6).  A  polymeric  diol  precipitated,  which  had 


WiH  (6) 

NO2 

a  molecular  weight  of  2500  (vapor- phase  osmometer). 

The  importance  of  fluorine  in  the  cyclization  of  2- 
fluoro-3-hydroxy-2-nitro-l -propyl  triflate  to  give  3- 
fluoro-3-nitrooxetane  was  shown  by  reactions  of  non- 
fluorine-containing  analogues.  The  reaction  of  2,2-di- 
nitro- 1,3- propanediol  with  equimolar  amounts  of  pyridine 
and  triflic  anhydride  in  ether  gave  a  47%  yield  of  2,2-di- 
nitro-3-hydroxy- 1-propyl  triflate  and  a  14%  yield  of  2,2- 
dinitro- 1,3-propylene  ditriflate.  Similarly,  2-(hydroxy- 
methyl)-2-nitro-l, 3-propanediol  gave  3-hydroxy-2-(hy- 
droxymethyl)-2-nitro- 1-propyl  triflate  and  2-(hydroxy- 
methyl)-2-nitro- 1,3-propylene  ditriflate.  Both  2,2-di- 
nitro-3-hydroxy-  1-propyl  triflate  and  3-hydroxy-2-(hy- 
droxymethyl)-2-nitro- 1-propyl  triflate  underwent  decom¬ 
position  with  potassium  carbonate  or  triethylamine  under 
the  conditions  that  were  used  to  prepare  3-fluoro-3- 
nitrooxetane.  Aqueous  sodium  bicarbonate  and  2,2-di- 
nitro-3-hydroxy- 1-propyl  triflate  gave  2, 2-dinitro- 1,3- 
propanediol. 

Experimental  Section 

NMR  and  IR  spectra  were  recorded  with  a  Varian  T-60 
spectrometer  and  a  Perkin-Elmer  700  spectrometer,  respectively. 
A  Varian  920  gas  chromatograph  was  used  for  GLC  separations, 
and  a  Mechrolab  301A  vapor  osmometer  was  used  for  molecular 
weight  determinations.  Previously  described  safety  precautions 
for  nitro  compounds1516  were  observed. 

2-Fluoro- 2- nitro-1 ,3- propanediol.  A  solution  of  3.3  g  (0.05 
mol)  of  85%  potassium  hydroxide  in  35  mL  of  ethanol  was  added 
over  15  min  to  a  solution  of  11.3  g  (0.05  mol)  of  diethyl  fluoro- 
nitromalonate12  in  35  mL  of  ethanol  at  -12  to  -27  °C.  After  30 
min,  8.5  mL  (0.11  mol)  of  formalin  (37%)  was  added.  The  reaction 
mixture  was  allowed  to  warm  to  room  temperature  over  1  h  and 
was  stirred  an  additional  2  h.  The  starting  material  was  consumed 
completely  on  the  basis  of  NMR  spectra.  The  reaction  mixture 
was  then  Altered  and  the  solvent  was  removed  in  vacuo.  To  the 
residue  were  added  100  mL  of  ether  and  15  mL  (0.15  mol)  of 
pyridine.  The  ether  solution  was  then  decanted,  and  the  remaining 
orange  gum  was  extracted  with  50  mL  of  acetonitrile.  To  the 


(13)  Pruckmayer,  G.  In  "High  Polymers";  Frisch,  K.  C.,  Ed.;  Wiley- 
Interscience:  New  York,  1972;  Vol.  XXVI,  p  74. 

(14)  Campbell,  T.  W.;  Foldi,  V.  S.  J.  Org .  Chem.  1161,  26,  4654. 

(15)  Grakauskas,  V.;  Baum,  K.  J.  Org.  Chem.  1666,  33,  3080. 

(16)  Kamlet,  M.  J.;  Adolph,  H.  G.  J.  Org.  Chem.  1968, 33,  3073. 


combined  acetonitrile  and  ether  solutions  was  added  25  mL  (0.15 
mol)  of  trimethylsilyl  chloride,  and  the  reaction  mixture  was  then 
refluxed  for  5.5  h  and  stirred  overnight  at  room  temperature. 
Distillation  of  the  solution  gave  10.07  g  (70.7%)  of  l,3-bis(tri- 
methylsiloxy)-2-fluoro-2-nitropropane:  bp  82-83  #C  (0.1  mm); 
lH  NMR  (CDC1S)  6  0.13  (s,  18  H,  SiMe3),  3.85  and  4.13  (s  and 
AB  q  pattern,  4  H,  CH2);  l9F  NMR  (CDC13)  4>  141.2  (quintet,  J 

*  16  Hz);  IR  (CH,C1,)  1575, 1360  (NO*),  1130, 860  (SiMeJ,  1090 
cm1  (CF).  Anal.  Calcd  for  C^HjjNFSiA:  C,  38.13;  H,  7.82. 
Found:  C,  37.74;  H,  7.87. 

A  solution  of  the  above  compound  in  100  mL  of  methanol  was 
refluxed  for  4  h  and  solvent  was  then  removed  in  vacuo  to  afford 
4.91  g  (70.6%)  of  2-fluoro- 2- nitro- 1 ,3- propanediol  mp  86-87  °C 
(lit.11  mp  86-87  PC);  »H  NMR  (acetone  d*)  6  3.95  (s),  4.23  (AB 
quartet),  4.80  (t,  J  -  6  Hz,  2  H,  OH);  l*F  NMR  (acetone-d*)  * 

145.6  (quintet,  J  *  16  Hz);  IR  (CHjCb)  3620  (OH),  1575, 1335 
(NOj),  1040  cm'1  (CF).  An  AB  quartet  and  a  singlet  have  been 
observed  previously  for  CHjCFN02  in  the  lH  NMR  spectrum.17 

2-Fluoro-3-hydroxy -2-nitro-  I-propyl  Triflate.  A  solution 
of  10.9  mL  (0.065  mol)  of  triflic  anhydride  in  210  mL  of  ether  was 
added  dropwise  to  a  solution  of  17.4  g  (0.124  mol)  of  2-fluoro-2- 
nitro- 1,3-propanediol  and  6.0  mL  (0.074  mol)  of  pyridine  in  210 
mL  of  ether.  The  reaction  temperature  was  kept  below  26  °C. 
After  the  reaction  mixture  was  stirred  for  16  h,  the  precipitate 
that  formed  was  filtered  and  washed  with  ether  (2  x  40  mL). 
Removal  of  the  ether  in  vacuo  left  26.2  g  of  a  white  solid,  which 
was  partitioned  between  300  mL  of  methylene  chloride  and  60 
mL  of  water.  The  methylene  chloride  solution  was  washed  with 
30  mL  of  water,  dried  over  sodium  sulfate,  and  chromatographed 
on  a  125-g  silica  gel  column  (methylene  chloride).  Elution  with 
a  total  of  500  mL  of  methylene  chloride  gave  2.2  g  (8.9%)  of 
ditriflate.  Further  elution  with  500  mL  of  9:1  methylene  chlo¬ 
ride-ethyl  acetate  afforded  13.26  g  (78.9%)  of  2-fluoro-3- 
hydroxy-2-nitro- 1-propyl  triflate.  Recrystallization  from  meth¬ 
ylene  chloride-petroleum  ether  at  -10  °C  gave  an  analytical 
sample:  colorless  hygroscopic  solid;  mp  29-30  °C;  lH  NMR 
(CDCI5)  6  2.65  (br  s,  1  H,  OH),  4.10  (d,  J  =  14  Hz,  2  H,  CH*OH), 
5.07  (AB  q,  J  «  14  Hz,  2  H,  CH20S02CF3);  l9F  NMR  (CDC13) 

*  72.0  (s,  3  F,  S02CF3),  139.4  (quintet,  J  -  14  Hz,  1  F,  02NCF); 
IR  (CHjClj)  3625  (OH),  1580, 1350  (N02),  1420, 1220, 1140, 900 
(SOjCF*),  1000  cm  1  (CF). 

Anal  Calcd  for  C4H6F4NS06:  C,  17.22;  H,  1.86;  N,  5.17.  Found: 
C,  17.82;  H,  1.75;  N,  5.31. 

The  combined  aqueous  layers  were  extracted  with  ethyl  acetate 
(3  x  100  mL)  to  give  8.70  g  of  2-fluoro- 2-nitro- 1,3-propanediol. 

2- Fluoro-2-nitro- 1  ,3-propy  lene  Ditriflate.  A  solution  of  1.39 
g  (0.010  mol)  of  2-fluoro- 2-nitro- 1,3-propanediol  and  1.8  mL  (0.022 
mol)  of  pyridine  in  10  mL  of  chloroform  was  added  dropwise  at 
0-5  °C  to  a  solution  of  5.8  g  (0.02  mol)  of  triflic  anhydride  in  10 
mL  of  chloroform.  After  3  h,  the  reaction  mixture  was  washed 
with  ice-water  (2  X  10  mL)  and  the  chloroform  solution  was  dried 
over  sodium  sulfate.  The  solvent  was  removed  in  vacuo,  and  the 
residue  was  chromatographed  on  a  64-g  silica  gel  column 
(methylene  chloride).  Elution  with  a  total  of  300  mL  of  methylene 
chloride  afforded  2.80  g  (75.5%)  of  2-fluoro- 2- nitro- 1,3- propylene 
ditriflate.  Recrystallization  from  methylene  chloride-petroleum 
ether  gave  an  analytical  sample:  mp  57-58  °C;  !H  NMR  (CDCL) 

6  4.93  (d,  </  =  14  Hz);  19F  NMR  (CDC1*)  *  71.8  <s,  6  F,  SOjCFj), 

136.7  (quintet,  J  *  14  Hz,  1  F,  02NCF);  IR  (CHjCl,)  1595, 1320 
(N02),  1420,  1220,  1140,  900  (0S02CF3),  1005  cm'1  (CF). 

Anal.  Calcd  for  CfiJ^NSjO*:  C,  14.90;  H,  1,00;  N,  3.47. 
Found:  C,  15.30;  H,  0.91;  N,  3.61. 

3- Fluoro-S-nltrooxetane.  A  solution  of  3.1  mL  (0.0207  mol) 

of  l,5-diazabicyclo[5.4.0]undec-5-ene  (DBU)  in  18  mL  of  meth¬ 
ylene  chloride  was  added  dropwise  to  a  solution  of  5.42  g  (0.020 
mol)  of  2- fluoro-3-hydroxy-2-nitro-l- propyl  triflate  in  36  mL  of 
methylene  chloride.  After  75  min,  the  reaction  mixture  was 
chromatographed  on  a  30-g  silica  gel  column  (methylene  chloride) 
to  give  2  g  of  crude  product.  Vacuum  distillation  afforded  1.486 
g  (61.4%)  of  3-fluoro-3-nitrooxetane.  An  analytical  sample  was 
obtained  by  preparative  GC  (12%  QF-1  on  Chromasorb  W,  100 
°C):  bp  31  *C  (1.5  mm);  *H  NMR  (CDC1S)  6  4.97  (sextet);  ltF 
NMR  (CDCla)  4>  127.7  (quintet,  J  «  14  Hz);  IR  1575, 

1345  (NOj),  1000  cm'1  (CF);  1.4281. 


(17)  Baum,  K.  J.  Org.  Chem.  1970,  35,  846. 
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AnaL  Calcd  for  CjH^FNO*  C,  29,76;  H,  3.33;  N,  11.58.  Found: 
C,  30.13;  H,  3.35;  N,  12.07. 

The  use  of  the  silica  gel  column  for  the  removal  of  the  DBU 
triflic  acid  salt  was  employed  as  the  salt  was  not  easily  extracted 
from  methylene  chloride  by  water.  The  refractive  index  of  the 
distilled  oxetane  was  the  same  as  that  of  the  sample  isolated  by 

GC. 

1.3- Bis(2-fluoro-2,2-dinitroethoxy)-2-fluoro-2-nitro- 
propane.  To  a  solution  of  1.545  g  (10.0  mmol)  of  2-fluoro-2,2- 
dinitroethanol  (FDNE)  in  15  mL  of  2:1  dioxane-formalin  was 
added  0.665  g  (10.0  mmol)  of  potassium  hydroxide  (85%).  The 
yellow  solution  was  cooled  with  an  ice  bath  to  22  °Ct  and  1.013 
g  (2.5  mmol)  of  2-fluoro-2-nitro- 1,3-propylene  ditriflate  was  then 
added.  The  temperature  of  the  reaction  mixture  rose  to  32  °C 
over  6  min,  and  the  pH  dropped  from  11  to  8.  After  1  h  the  solvent 
was  removed  in  vacuo,  and  to  the  residue  were  added  5  mL  of 
water  and  25  mL  of  1:1  carbon  tetrachloride-methylene  chloride. 
The  water  layer  was  extracted  with  two  12-mL  portions  of  this 
solvent,  and  the  combined  organic  solution  was  then  washed  with 
water  (4  x  25  mL),  and  dried  over  sodium  sulfate.  Removal  of 
solvent  in  vacuo  gave  0.64  g  of  a  3:1  mixture  of  the  di-  and 
monoethers  (19F  NMR).  Chromatography  on  25  g  of  silica  gel 
(2:1  methylene  chloride-petroleum  ether)  gave  0.222  g  (21.6%) 
of  l,3-bis(2-fluoro-2,2-dinitroethoxy)-2-fluoro-2-nitropropane; 
crystallization  from  methylene  chloride-petroleum  ether  afforded 
an  analytical  sample:  mp  52  °C;  !H  NMR  (9:1  CDCl3-acetone-de) 
6  4.2  (d,  J  =  16  Hz,  4  H,  CH2CFN02CH2),  4.70  (d,  J  =  16  Hz, 
4  H,  CH2CF(N02)2);  i9F  NMR  (9:1  CDCl3-acetone-d6)  <p  109.4 
(br  m,  2  F,  CF(N02)2),  138.7  (quintet,  J  *  16  Hz,  1  F,  CFN02); 
IR  (CH2Cl2)  1600,  1320  cm1  (N02);  d ^  1.709. 

Anal.  Calcd  for  C7HaF3N5Ol2:  C,  20.45;  H,  1.96;  N,  17.03. 
Found:  C,  20.47;  H,  1.90;  N,  16.70. 

1.3- Diazido-2-fluoro-2-nitropropane.  A  solution  of  0.407  g 
(1.0  mmol)  of  2-fluoro-2-nitro- 1,3-propylene  ditriflate  in  5.5  mL 
of  dimethyl  sulfoxide  was  stirred  at  room  temperature  for  22  h 
with  0.225  g  (3.3  mmol)  of  sodium  azide.  The  reaction  mixture 
was  then  diluted  with  50  mL  of  water  and  extracted  with  meth¬ 
ylene  chloride  (3  X  17  mL).  The  methylene  chloride  solution  was 
washed  with  water  (5  X  25  mL)  and  dried  over  sodium  sulfate. 
Removal  of  the  methylene  chloride  in  vacuo  afforded  0.195  g 
(100%)  of  l,3-diazido-2-fluoro-2-nitropropane:  *H  NMR  (CDCy 
b  3.87  (d,  J  *  16  Hz);  19F  NMR  (CDC13)  <t>  133.8  (quintet,  J  ■  16 
Hz);  IR  (CDC13)  2150  (Ns),  1580,  1320  (NO^  cm'1. 

A  solution  of  0.184  g  of  l,3-diazido-2-fluoro-2-nitropropane  and 
0.159  g  (2.27  mmol)  of  propiolic  acid  in  1.0  mL  of  chloroform  was 
allowed  to  stand  at  room  temperature  for  54  h.  The  resulting 
precipitate  was  washed  with  chloroform  to  give  0.234  g  of  1,3- 
bis(l-(4-(or  5-)-carboxy-l,2,3-triazolo)]-2-fluoro-2-nitropropane. 
An  analytical  sample  was  crystallized  from  acetone-carbon  tet¬ 
rachloride:  mp  163-170  °C;  !H  NMR  (acetone-d8)  b  5.77  (m,  4 
H,  CHj),  7.73  (a,  2  H,  C02H)  and  8.57  (s,  2  H,  Ar);  19F  NMR 
(acetone-dft)  <t>  134.0  (quintet,  J  -  16  Hz). 

AnaL  Calcd  for  (^H^NtO*  C,  32.84;  H,  2.45;  N,  29.78.  Found: 
C,  32.44;  H,  2.65;  N,  29.21. 

1.3- Diiiiethoxy-2-fluoro-2-nitropropane.  A  mixture  of  1.55 
g  (3.8  mmol)  of  2- fluoro-2-nitro- 1,3- propylene  ditriflate,  31  mL 
of  methanol,  and  3,1  g  of  sodium  sulfate  was  refluxed  for  24  h. 
The  reaction  mixture  was  filtered  and  solvent  was  removed  in 
vacuo  to  give  0.649  g  of  a  yellow  liquid.  Chromatography  on  silica 
gel  (1:1  methylene  chloride-hexane)  afforded  0.169  g  (15,5%)  of 
2-fluoro-3-methoxy-2-nitro-l -propyl  triflate:  ]H  NMR  (CDC13) 
b  3.42  (s,  3  H,  OCH3),  3.92  (d,  J  *  15  Hz,  2  H,  CH2OCH3),  4.95 
(d,  J  =  15  Hz,  2  H,  CH20S02CF3);  19F  NMR  (CDC13)  *  72.9  (s, 
3  F,  S02CFa),  138.0  (quintet,  J  -  15  Hz,  1  F,  CFNO2).  A  0.203-g 
(32.1%)  sample  of  l,3-dimethoxy-2-fluoro-2-nitropropane  was  also 
obtained:  *H  NMR  (CDC13)  b  3.40  (s,  6  H,  OCH3),  3.73  and  4.03 
(s  and  AB  q  pattern,  4  H,  CH2);  **F  NMR  (CDC13)  <t>  138.6 
(quintet,  J  •  16  Hz);  IR  (CH2CI2)  1580,  1360  cm1  (NOa). 

Anal.  Calcd  for  CjHiqFNO*  C,  35.93;  H,  6.03;  N,  8,38.  Found: 
C,  36.22;  H,  6.24;  N,  8.34. 

2-Fluoro-3-hydroxy-2-nitro-l-propylpyridlnium  Triflate. 

To  a  solution  of  0.271  g  (1.0  mmol)  of  2-fluoro-3-hydroxy-2- 
nitro-1 -propyl  triflate  in  2.7  mL  of  ether  was  added  0.081  mL  (1.0 
mmol)  of  pyridine.  After  the  reaction  mixture  was  stirred  for  8 
days  at  room  temperature,  I9F  NMR  of  the  ether  solution  indi¬ 
cated  that  a  small  amount  of  the  original  roonotriflate  still  re¬ 


mained.  The  ether  was  decanted  from  the  viscous  oil  that  had 
precipitated.  The  oil  was  washed  with  2  mL  of  ether  and  with 
20  mL  of  methylene  chloride,  leaving  0.316  g  (90.3%)  of  2- 
fluoro-3-hydroxy-2-nitro-l-propylpyridinium  triflate:  *H  NMR 
(acetone-d*)  b  4.33  (d,  J  =  16  Hz,  2  H,  CH-jOH),  5.35  (1  H,  OH), 
5.75  (d,  J  =  16  Hz,  2  H,  CI^NC^);  l9F  NMR  (acetone-d6)  <*> 
78.0  (s,  3  F,  SO2CF3),  137.5  (quintet,  J  =  16  Hz,  1  F,  FCN02). 

3-€hloro-2-fluoro-2-nitro- 1  -propanol.  To  0.242  g  (2.0  mmol) 
of  3-fluoro-3-nitrooxetane  was  added  1.0  mL  (12  mmol)  of  con¬ 
centrated  HCL  After  being  allowed  to  stand  for  30  min  at  room 
temperature,  the  reaction  mixture  was  diluted  with  4  mL  of  water 
and  extracted  with  ethyl  acetate  (3X5  mL).  The  ethyl  acetate 
solution  was  dried  over  potassium  carbonate,  and  the  solvent  was 
then  removed  in  vacuo  to  give  0.304  g  (96.5% )  of  3-chloro-2- 
fluoro-2-nitro- 1-propanol.  Chromatography  on  silica  gel  (9:1 
methylene  chloride-ethyl  acetate)  afforded  an  analytical  sample: 
'H  NMR  (CDCI3)  6  3.08  (br  s,  1  H,  OH),  4.05  (d,  J  *  16  Hz,  2 
H,  CH20H(C1)),  4.12  (d,  J  =  16  Hz,  2  H,  CH-jCKOH));  18F  NMR 
(CDCI3)  4  137.4  (quintet,  J  =  16  Hz);  IR  (CHfik)  3630  (OH), 
1580,  1360  cm  1  (NOj). 

AnaL  Calcd  for  CgHsNFClOa:  C,  22.87;  H,  3.20;  N,  8.89.  Found: 
C,  22.59;  H,  3.41;  N,  8.70. 

3-Bromo-2-fluoro-2-nltro-l -propanol.  To  0.363  g  (3.0  mmol) 
of  3-fluoro-3-nitrooxetane  was  added  1.5  mL  (13.5  mmol)  of  48% 
HBr.  After  1  h  at  room  temperature,  the  reaction  mixture  was 
extracted  with  ether  (3  X  10  mL).  The  ether  extract  was  dried 
over  sodium  sulfate  and  potassium  carbonate,  and  solvent  was 
then  removed  in  vacuo  to  give  0.564  g  (93.1%)  of  3-bromo-2- 
fluoro-2-nitro-  1-propanol  Chromatography  on  silica  gel  (9:1 
methylene  chloride-ethyl  acetate)  afforded  an  analytical  sample: 
lH  NMR  (CDCI3)  b  3.25  (br  t,  1  H,  OH),  3.85  (d,  J  =  16  Hz,  2 

H,  CH2Br),  3.92  (AB  q,  J  =  16  Hz,  2  H,  CH2OH);  l*F  NMR 
(CDCI3)  0  134.0  (quintet,  J  *  16  Hz);  IR  (CH2C12)  3630  (OH), 
1580,  1360  cm1  (N02). 

Anal.  Calcd  for  C3H6NFBr03:  C,  17.84;  H,  2.50;  N,  6.93. 
Found:  C,  17.70;  H,  2.53;  N,  6.98. 

Polymerization  of  3-Fluoro-3-nitrooxetane.  Phosphorus 
pentafluoride  was  bubbled  into  a  solution  of  0.121  g  (1.0  mmol) 
of  3-fluoro-3-nitrooxetane  in  1.2  mL  of  methylene  chloride.  Within 
a  few  minutes  a  solid  had  precipitated.  The  addition  of  PF6  was 
stopped,  and  0.2  mL  of  methanol  was  added.  The  solid  was  then 
filtered,  washed  well  with  methylene  chloride,  and  air-dried  to 
afford  0.100  g  (82.6%)  of  poly(3-fluoro-3-nitxotrimethylene  ether): 
mp  233-235  °C;  lH  NMR  (MejSO -d6)  b  4.03  (AB  q,  J  *  16  Hz); 
19F  NMR  (Me2SO-d6)  <t>  139.8  (m);  mol  wt  (vapor-phase  osmom¬ 
eter,  DMF,  60  °C)  2500. 

2,2-Dinitro-3-hydroxy-  1-propyl  Triflate  and  2,2-Dinitro- 

I, 3- propylene  Ditriflate.  A  solution  of  1.7  mL  (0.010  mol)  of 
triflic  anhydride  in  15  mL  of  ether  was  added  dropwise  over  a 
9-min  period  at  12-18  °C  to  a  solution  of  1.66  g  (0.010  mol)  of 
2, 2-dinitro-l, 3-propanediol  and  0.81  mL  (0.010  mol)  of  pyridine 
in  15  mL  of  ether.  The  mixture  was  stirred  for  2  h  at  room 
temperature,  and  the  resulting  precipitate  was  Altered  and  washed 
with  ether.  Removal  of  ether  in  vacuo  gave  3.0  g  of  a  yellow  liquid, 
which  was  dissolved  in  20  mL  of  methylene  chloride,  washed  with 
water,  dried  over  sodium  sulfate,  and  stripped  of  solvent.  The 
residue  was  chromatographed  on  60  g  of  silica  gel.  Elution  with 
100  mL  of  methylene  chloride  and  50  mL  of  95:5  methylene 
chloride-ethyl  acetate  gave  0.607  g  (14.0%)  of  2, 2-dinitro- 1,3- 
propylene  ditriflate.  Crystallization  from  methylene  chloride- 
petroleum  ether  gave  an  analytical  sample:  mp  54-55  °C;  lH  NMR 
(CDCI3)  6  5.26  (s);  l»F  NMR  (CDClj)  *  72.0  (s);  IR  (CHtClj)  1590, 
1305  (N02),  1425,  1220, 1140,  930  (OSOjCF,),  1000  cm"1  (CF). 

Anal.  Calcd  for  CjH^jFAOto:  C,  13.96;  H,  0.94;  N,  6.51. 
Found:  C,  14.00;  H,  1.02;  N,  6.29. 

Further  elution  with  9:1  methylene  chloride-ethyl  acetate 
afforded  1.4  g  (46.8%)  of  2, 2-dinitro-3-hydroxy-  1-propyl  triflate. 
Crystallization  from  methylene  chloride-petroleum  ether  gave 
an  analytical  sample:  mp  43-44  °C;  *H  NMR  (CDC1*)  b  2.76  (br 
s,  1  H,  OH),  4.52  (s,  2  H,  CH2OH),  5.21  (s,  2  H,  CHgOSOjCFj); 
'*F  NMR  (CDCI3)  4>  72.4  (a);  IR  (CHaCI,)  3620  (OH),  1585, 1320 
(N0a),  1420,  1220, 1140,  840  (OS02CFs),  995  cm  1  (CF). 

Anal.  Calcd  for  C^ftNjFaSO*:  C,  16.11;  H,  1.69;  N,  9.40. 
Found;  C,  16.27;  H,  1.68;  N,  9.67. 

3-Hydroxy-2-(hydroxymethyl)-2-nitro-l-propyl  Triflate 
and  2- ( Hy d  roxy  met  hy  1) -2- nit  ro- 1,3- propylene  Ditriflate.  A 
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solution  of  1.9  mL  (11.0  mmol)  of  triflic  anhydride  in  15  mL  of 
9:1  ether-ethyl  acetate  was  added  dropwise  over  15  min  at  18-21 
*C  with  ice-bath  cooling  to  a  solution  of  1.51  g  (10.0  mmol)  of 
2-(hydroxymethy))-2-nitro- 1 ,3-propanediol  and  0.90  mL  (11.0 
mmol)  of  pyridine  in  30  mL  of  1:1  ether-ethyl  acetate.  The 
mixture  was  stirred  at  room  temperature  for  1  h,  and  the  resulting 
precipitate  was  filtered  and  washed  with  ether.  Sovent  was  re¬ 
moved,  and  the  residue  wash  chromatographed  on  111  g  of  silica 
gel  (4:1  methylene  chloride-ethyl  acetate)  to  give  0871  g  (16.2%) 
of  2- (hydroxymethyl)- 2- ni tro- 1 ,3- propylene  ditriflate.  Crystal¬ 
lization  from  methylene  chloride-petroleum  ether  gave  an  ana¬ 
lytical  sample:  mp  56-57  °C;  lH  NMR  (CDC1*)  6  2.70  (br  s,  1 
H,  OH),  4.05  (s,  2  Hf  CH*OH),  4.90  (s,  4  H,  CH*OSO*CF,);  “F 
NMR  (CDCW  *  72.4  (s);  IR  (CHjCl*)  3600  (OH),  1570, 1355  (NO*), 
1420,  1220,  1150,  830  (OSC2CFs),  980  cm1  (CF). 

Anal  CakdforCJHrf’sNSO.:  C,  1786;  H,  1.70;  N,  3.37.  Found: 
C,  18.59;  H,  1.75;  N,  3.64. 

Continued  elution  afforded  1.258  g  (44.4%)  of  3-hydroxy-2- 
( hydroxymethyl) -2-ni  tro- 1  -propyl  triflate.  Crystallization  from 
methylene  chloride-petroleum  ether  gave  an  analytical  sample: 
mp  72-73  °C;  *H  NMR  (acetone-d*)  6  4.03  (s,  4  H,  CH*OH),  4.47 
(s,  2  H,  OH),  5.10  (s,  2  H,  CH3OSO2CF3);  *F  NMR  (acetone-d*) 


74.8  (s);  IR  (CDC1*)  3610, 3380  (OH),  1560, 1360  (NO*),  1420, 
1225,  1150,  870,  (OSOiCF,),  980  cm1  (CF). 

Anal  CalcdforCsHJFjNSO,:  C,  21.21;  H,  285;  N,  485.  Found: 
C,  21.02;  H,  2.81;  N,  4.76. 

Registry  No.  2-Fluoro-2-nitro- 1,3-propanediol,  4776-99-2;  2- 
fluoro-3-hydroxy-  2-nitro- 1  -  propyl  triflate,  70187-43-8;  2-fluoro-2- 
nitro- 1 ,3-propylene  ditriflate,  75233-63-5;  3-  fiuoro-3-nitroozetane, 
70187-44-9;  1 ,3-bks(2-fiuoro-2,2-dinitroethozy)-2-fluoro-2-mtro- 
propane,  7523384-6;  l>diazido-2-fluaro‘2-mtropvopene,  75233-65-7; 

1.3- dimethoxy-2-fluoro-2-nitropropane,  75233-66-8;  2-fluoro-3- 
hydroiy-2-nitro-  1-propyipyridinime  triflate,  75233-68-0;  3-chloro-2- 
fluoro-2-nitro-l -propanol,  75233-69-1;  3-bromo-2-fluoro-2-nitro-l- 
propanoi,  75233-70-4;  poly(3-fluoro-3-nitromethylene  ether),  75232- 
62-1;  2^-diwtro-3-hydroxy-l-propyl  triflate,  75233-71-5;  2,2-dinitro- 

1.3-  propylene  ditriflate,  75233-72-6;  3-hydroxy-2-(hydroxymethyl)- 
2-nitro-l -propyl  triflate,  75233-73-7;  2-(hydroxymethyl)-2-mtro- 1 ,3- 
propylene  ditriflate,  75247-60-8;  diethyl  fluoronitromalonate,  680- 
42-2;  l,3-bis(trimethylsilozy)-2-fluoro-2-nitropropane,  75233-74-8; 
triflic  anhydride,  358-23-6;  FDNE,  17003-75-7;  propiolic  acid,  471- 
25-0;  13-bU(l-(4-(or  5-)-carboxy-l,2,3-triazolo))-2-fluoro-2-nitro- 
propsne,  76232-63-2;  2-fluoro-3-methoxy-2-nitro-l -propyl  triflate, 
75233-75-9;  2-(hydroxymethyl)-2-nitro- 1,3-propanediol,  126-11-4. 
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Reactions  of  2-Fluoro-2-nltro-l, 3-propanediol.  p-Toluenesulfonates . 

Phillip  T.  Berkovitz  and  Kurt  Baum 
Fluorochem,  Inc.,  Azusa,  California  91702 

Abstract 

Displacement  reactions  of  the  tosylates  derived  from  2-fluoro-2- 
nitro-1, 3-propanediol,  2-fluoro-3-hydroxy-2-nitro- 1-propyl  p-toluenesulfo- 
nate  and  2-fluoro-2-nitro-l, 3-propylene  di-p-toluenesulfonate,  were  studied. 
Direct  substitution  products  were  obtained  with  these  tosylates  and  60dlum 
azide,  and  with  the  monotosylate  and  lithium  bromide.  The  monotosylate 
reacted  under  more  strongly  basic  conditions  to  give  products  rationalized 
on  the  basis  of  the  intermediate  formation  of  1-fluoro-l-nltroethylene. 

The  monotosylate  and  potassium  hydroxide  gave  a  dimeric  and  a  trlmerlc 
ether  under  conditions  that  did  not  affect  the  ditosylate.  The  monotosy¬ 
late,  but  not  the  ditosylate  gave  a  methyl  ether  with  potassium  methoxlde. 
Dimethyl  sodlomalonate  and  the  monotosylate  gave  dimethyl  2-fluoro-2-nitro- 
ethylmalonate  and  dimethyl  2-fluoro-3-hydroxy-2-nitropropylmalonate. 
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We  have  recently  developed  an  improved  synthesis  of  2-fluoro-2-nitro- 

2 

1, 3 -propanediol  and  investigated  the  reactions  of  its  triflate  derivatives. 

The  monotriflate  cydized  under  mild  conditions  in  the  presence  of  a  variety 

2 

of  bases  to  give  3- f luoro- 3 - nitrooxetane .  In  connection  with  this  work,  ve 

n°2 

base  l 

H0CJi2CF(N02)Ca20S02GF3  - >  F-C  -  CH2 

ch2-o 

have  examined  the  reactions  of  the  corresponding  tosylates.  The  tosylate 

3 

group  is  a  more  commonly  used  leaving  group  for  oxetane  ring  closures,  but 
in  this  system  cyclizatlon  did  not  occur,  and  a  different  reaction  course  was 
followed. 

The  desired  tosylates  were  prepared  from  2-fluoro-2-nitro-l, 3-propane¬ 
diol  by  conventional  procedures.  The  reaction  of  an  excess  of  diol  and  pyri¬ 
dine  with  p-toluenesulfonyl  chloride  in  refluxing  chloroform  afforded  a  ^ 8$ 
yield  of  2 - f luoro - 3 -hydroxy- 2-nit ro-1- propyl  tosylate  and  a  10$  yield  of  2- 
fluoro-2-nitro-l, 3-propylene  ditosylate,  whereas  an  excess  of  p-toluenesul¬ 
fonyl  chloride  in  pyridine  gave  the  ditosylate  in  67$  yield. 

Pyridine 

H0CH2CF(N02)CH20H  - »  Ts0CH2CF(N02)CH20H  +  TsOCHgCFtNOg)  GUM's 

TsCl  * 

Although  the  monotosylate  was  consumed  within  minutes  in  a  reaction 
with  potassium  hydroxide  at  room  temperature,  no  3-fluoro-3-nitrooxetane  was 
detected.  A  solid  product  was  obtained  in  34$  yield  identified  as  2,6-di- 
fluoro-7-hydroxy-2,6-dinitro-4-oxa-l-heptyl  tosylate,  the  monotosylate  of 
the  dimeric  ether.  In  addition,  an  18.5$  yield  of  the  corresponding  trlmerlc 
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ether  vat  obtained.  Under  the  same  conditions,  the  oxetane  vas  obtained 

2 

from  the  corresponding  triflate  reaction. 

KOH 

HOCHgCPCNOgJCHgOTs  - >  H0C^CF(N02)  O^-O-C^CFCNO^CHgOTs 

+  HOCH2CF(N02)CH2OCH2CF,(ll02)ai2OCH2Cy(MO£)Cfi2OTs 

Superficially,  this  reaction  appears  to  be  a  staple  lnteraolecular 
nucleophilic  displacement.  One  cannot  rationalise,  however,  why,  if  the 
same  mechanism  is  operating,  there  is  a  complete  reversal  from  am 
intermolecular  to  an  intramolcular  reaction  depending  on  whether  the 
leaving  group  is  tosylate  or  triflate.  Furthermore,  the  tosylate  groups  of 
2-fluoro-2-nitro-l, 3-propylene  dltosylate  would  be  expected  to  have  similar 
reactivity  to  that  of  the  aonotosylate.  For  this  reason,  a  competition  ex¬ 
periment  was  conducted  in  which  an  equimolar  mixture  of  the  aonotosylate  and 
the  dltosylate  was  treated  with  base.  The  aonotosylate  was  converted  to  the 
above  dimer  but  all  of  the  dltosylate  was  recovered. 

Other  displacement  reactions  of  both  the  aonotosylate  and  the  dltosyl¬ 
ate  required  much  more  severe  conditions,  but  both  compounds  displayed  simi¬ 
lar  reactivity.  Neither  compound  reacted  with  sodiua  azide  in  dimethyl  sulf¬ 
oxide  at  room  temperature.  At  55°  C,  however,  the  aonotosylate  gave  a  520 
yield  of  3-azldo-2-fluoro-2-nltro-l-propanol,  Isolated  as  the  trlazole  deri¬ 
vative  from  reaction  with  proplollc  acid.  Similarly,  the  dltosylate  at  6$°C 
gave  a  yield  of  l,3-diazldo-2-fluoro-2-nltropropane.  The  aonotosylate 
reacted  at  100°  C  with  lithium  bromide  in  dlaethyl  sulfoxide  to  give  an  Soft 

yield  of  3-bromo-2-fluoro-2-nitro- 1-propanol,  obtained  previously  from  the 

2 

oxetane. 
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H0CH2CP(NO2)CH20T8 


H0CK2CF(1»02)CH2H3 


NaN3 
DMBO 
NaN. 

TsOCHgCF(lVOg)C8gOTs  - - 

DM50 

LiBr 

H0CH2CF(N02)CH20T8  - 

The  extreme  reactivity  of  the  monotosylate  in  the  dimerization  re¬ 
action  compared  to  its  reactivity  and  that  of  the  ditosyiate  in  the  other 
displacement  reactions  thus  indicates  that  the  mechanism  of  the  dimeriza¬ 
tion  is  not  simple  nucleophilic  displacement.  A  key  factor  permitting  the 
synthesis  of  3-fluoro-3-nitrooxetane  is  the  inhibition  of  deformylation  by 
fluorine.  Nonfluorinated  2-nitroalcohols  are  deformylated  readily  by 

base, ^  and  nitronate  salts  with  leaving  groups  at  the  p  position,  are  con- 
6 

verted  to  olefins.  If  deformylation  is  involved  in  the  dimerization  of 

OH"  X' 

HOCHgCfHOgjRCHgX  - >  ‘OgMCRCHgX - >0gNCRs0Bg 

the  monotosylate,  the  reaction  should  be  suppressed  by  mass  action  if  for¬ 
maldehyde  is  added.  It  was  found,  in  fact,  that  when  the  dimerization  ex¬ 
periment  was  repeated  with  formalin  added  to  the  reaction  mixture,  33$  of 
the  monotosylate  starting  material  was  recovered  after  a  2$  min  reaction 


period.  Without  the  added  formaldehyde,  the  reaction  was  complete  in  5  min. 
These  results  are  consistent  with  the  mechanism,  shown  in  Scheme  I.  Defor- 
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formylation  and  elimination  of  tosylate  would  give  1-fluoro-l-nitroethylene, 
and  Michael  addition  of  the  salt  of  the  original  monotosylate  to  1-fluoro-l- 
nitroethylene,  followed  by  recombination  of  the  resulting  nltronate  salt  with 
fornaldehyde  would  give  the  observed  dimeric  ether.  The  trimerlc  ether  would 
be  formed  similarly  by  the  addition  of  this  dimeric  product  to  more  1-fluoro- 

l-nitroethylene.  There  is  precedent  for  the  addition  of  alcohols  to  nitroole- 

7  ,  8 

fins,  and  the  preparation  of  1-fluoro-l-nitroethylene  has  been  reported. 

On  the  other  hand,  the  reactions  of  the  monotosylate  and  the  ditosylate 
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with  bromide  and  azide  ion  appear  to  proceed  by  a  direct  displacement  mech¬ 
anism.  These  reagents  are  apparently  insufficiently  basic  to  generate  1- 
fluoro-l-nitroethylene.  Likewise,  the  cycllzation  of  the  monotrlflate  to 
the  oxetane  takes  place  by  nucleophilic  displacement.  In  this  case  the 
ring  closure  is  attributed  to  the  ability  of  the  more  reactive  leaving 
group  to  undergo  intramolecular  displacement  faster  than  deformylatlon. 

That  treatment  of  the  monotosylate  with  base  results  in  the  in  situ 
generation  of  1-fluoro-l-nitroethylene  was  further  supported  by  trapping  with 
other  nucleophiles.  Thus,  the  monotosylate  reacted  with  potassium  methoxide 
in  methanol  at  room  temperature  to  give  2-fluoro-3-oethoxy-2-nitro-l-propanol 
in  35$  yield.  Under  these  conditions  the  ditosylate  reacted  much  more  slowly, 
and  only  decomposition  resulted.  Similarly,  reaction  of  the  monotosylate 

KOCH, 

H0CH2CF(N02)CH20Ts  - ^  HOCH2CF(M02)CH20Me 

with  an  excess  of  dimethyl  sodiomalonate  in  tetrahydrofuran  at  room  tempera¬ 
ture  gave  dimethyl  2-fluoro-2-nitroethylmalonate  in  29$  yield.  The  formalde¬ 
hyde  generated  in  the  reaction  is  apparently  trapped  by  the  excess  malonate 
salt.  When  this  reaction  was  carried  out  with  only  2  equivalents  of  the  malo¬ 
nate  salt,  followed  by  the  addition  of  2  equivalents  of  formaldehyde,  dimethyl 
2-fluoro-3-hydroxy-2-nitropropylmalonate  was  obtained  in  24$  yield. 

TfiF 

HOCHgCFtNOgJO^OTs  +  ®CH(C02Me)2  - 3>  H-CF(N02)CH2CH(002Me)2 

CH_0 

-=->  H0CH2CF(N02)CH2CH(C02Me)2 
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Bromide  as  a  leaving  group  would  be  expected  to  behave  more  like 
tosylate  than  trlflate  in  these  reactions.  Indeed,  the  reaction  of  3-bromo- 
2-fluoro-2-nitro-l- propanol  with  base  gave  an  oil,  not  readily  purified  for 
analysis,  with  the  spectral  properties  expected  for  7-bromo-2,6-dlfluoro- 
2,6-dinitro-U-oxaheptan-l-ol.  The  same  product  was  obtained  Independently 
by  the  reaction  of  the  dimeric  tosylate  with  lithium  bromide. 

KOH 

HOCHg  CF(  NOg  )  GHgBr  - >  HOO^  CF  ( N0£ )  CHg -0-  CH2CF(  N02  )  CHoBr 

^LiBr 

HOCHgCFCNOg  )  CH£-0- C^CFC  M02 )  CHgOTs 

Thus,  compounds  of  the  structure  HOCl^^tK^CHgX  undergo  three  dif¬ 
ferent  modes  of  reaction,  depending  on  the  nature  of  the  leaving  group  and 
the  nucleophilic  reagent.  With  the  highly  reactive  trlflate  leaving  group, 
oxetane  ring  closure  takes  place  with  a  variety  of  bases.  With  the  less 
reactive  tosylate  leaving  group,  weakly  basic  nucleophilie  reagents  result 
in  direct  displacement  products,  but  strongly  basic  reagents  result  in  de- 
formylation  and  elimination  to  give  1-fluoro-l-nitroethylene  in- situ.  Michael 
adducts  of  this  olefin  are  isolated. 
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NMR  and  IR  spectra,  were  recorded  with  a  Varian  T-60  spectrometer  and 

a  Perkin-Elmer  700  spectrometer,  respectively.  Previously  described  safety 

10 

precautions  for  nitro  compounds  were  observed. 

2-Fluoro-3-hydroxy-2-nitro-l-propyl  p-Toluenesulfonate.  A  solution 
of  1.91  g  (10  mmol)  of  p-toluenesulfonyl  chloride  in  26  mL  of  chloroform  was 
added  dropwlse  over  2. 5  h  to  a  refluxing  solution  of  2.78  g  (20  mmol)  of 
2-fluoro-2-nitro-l, 3-propanediol  and  1.6  mL  (20  mmol)  of  pyridine  in  26  mL 
of  chloroform.  The  reaction  mixture  was  then  heated  at  reflux  for  5  h, 
cooled,  and  washed  with  10  mL  of  water,  two  10  mL  portions  of  1.0  M  HC1,  and 
then  with  10  mL  of  water.  The  chloroform  solution  was  dried  and  evapora¬ 
ted  to  give  2.6  g  of  a  white  solid,  which  was  recrystallized  from  methylene 
chloride-petroleum  ether  to  give  1.6  g  of  2-fluoro-3-hydroxy-2-nitro-l-pro- 

pyl  p-toluenesulfonate.  Recrystallization  gave  an  analytical  sample:  mp  88- 
1 

89°C;  H  NMR  (CDCL^)  ^2.40  (s,  3  H,  CHj),  2.90  (br  s,  1  H,  -OH),  4.00  (d,  J= 
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16  Hz,  2  H,  -CHgOH),  U.52  (d,  J«l6  Hz,  2  H,  -CHgOTs),  7.40  (m,  4  H,  Ph);  F 
NMR  (CDClj)  138.8  (quintet,  J«l6  Hz);  IR  (CHgClg)  3620  (-0H),  1585  (-N02), 
1380,  1195,  H80  (-OSOg-CgfyCHj-p),  1020  cm’  (C-F). 

Anal.  Calcd  for  C^QH^FNSOg :  C,  40.98;  H,  4.12;  N,  4.78.  Found:  C, 
40.77;  H,  4.11;  N,  4.57. 

The  mother  liquor  was  chromatographed  on  silica  gel  (methylene  chlo¬ 
ride-ethyl  acetate)  to  give  0.44  g  (l0.o£)  of  the  corresponding  dltosylate 
and  an  additional  0.68  g  (2.28  g  combined  yield;  77-8 Jl)  of  the  monotosylate. 
The  first  water  extract  and  the  first  acid  extract  were  combined  and  extracted 


1 


with  ethyl  Acetate  (3  x  20  mL)  to  recover  1.3  g  of  2-fluoro-2-nitro-l, 3- 
propanedlol. 

2-Fluoro-2-nitro-l, 3-propylene  Di-p-toluenesulfonate.  A  solution  of 
6.10  g  (32  mmol)  of  p-toluenesulfonyl  chloride  in  20  mL  of  pyridine  was 
added  dropvise  over  15  min  to  a  stirred  solution  of  1.12  g  (8  mmol)  of  2- 
fluoro  2- nitro- 1,3 -propanediol  in  20  mL  of  pyridine.  After  17  h,  the  reac¬ 
tion  mixture  was  poured  into  240  mL  of  ice  water,  lhe  resulting  solid  pre¬ 
cipitate  was  filtered  and  washed  with  water  and  petroleum  ether.  The  com¬ 
bined  aqueous  layers  were  extracted  with  methylene  chloride  (2  x  50  mL),  and 
the  resulting  solution  was  washed  with  cold  2  M  HC1  (2  x  50  mL)  and  with 
water  (50  mL),  dried  and  stripped  of  solvent  to  give  0.3  g  of  a  viscous  liquid. 
The  solid  and  liquid  were  combined  and  crystallized  from  ethanol  to  give 
2.40  g  (67.l£)  of  2-fluoro-2-nitro-l, 3 -propylene  di-p-toluenesulfonate. 
Recrystallization  from  ethanol  afforded  an  analytical  sample:  op  90-91°C; 

Si  MMR  (CDC13)^2A3  (b,  6  H,  CH3),  4.47  (d,  J*l6  Hz,  4  H,  -CH2-),  7.43 
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(m,  8  H,  Ph);  F  NMR  (CDC13)  j)  136.8  (quintet,  J=l6  Hz);  IR  (CHgClg) 

1590  (-H0g),  1380,  1195,  1180  (-OSOg-CjgH^CH^-p),  1010  cm  (C-F). 

Anal.  Chlcd  for  C17HiQFHS20q:  C,  45.63;  H,  4.06;  M,  3* 13-  Found: 

C,  45.64;  H,  4.17;  N,  3-17- 

Reaction  of  2-Fluoro-3  hydroxy-2-nitro-l-propyl  p-Toluenesulfonate 
with  Potassium  Hydroxide.  A  solution  of  0.293  6  (1*0  mmol)  of  2-fluoro-3- 
hydroxy-2-nltro-l-propyl  p-toluenesulfonate  in  2.0  mL  of  dloxane  and  1.5  mL 
of  O.67  M  potassium  hydroxide  was  stirred  at  room  temperature  for  25  min. 

The  resulting  orange  solution  was  extracted  with  ethyl  acetate  (3  x  10  mL) 


30 


to  give  0.2  g  a  yellow  residue.  Flash  chromatography  (9:1  methylene- 
chloride-  ethyl  acetate)  gave  0.070  g  (3 4£)  of  2,6-difluoro-7-hydroxy-2,6- 
dlnltro-4-oxa-l-heptyl-p-toluenesulfonate.  Crystallization  from  methylene 
chloride -petroleum  ether  gave  an  analytical  saqple:  mp  89-90°C;  NMR 
(CDC13)c>2.43  (s,  3  H,  C»3),  4.03  (d,  J-l6  Hz,  7  H,  -CHg-  and  -OH),  4.43 
(d,  J«l6  Hz,  2  H,  -CH20-S02,  7*^0  (m,  4  H,  Cfcfy);  19F  NMR  (acetone)  |> 

140.6  (quintet,  J»l6  Hz,  1  F,  C(F)(N02)-CH20-S02<^H4CH3-p),  142.2  (quintet, 
J-l6  Hz,  1  F,  C(F)(N02)-CH20H)i  IR  (CHgO^)  3625  (-0H),  1580  (-HOg),  1380, 
1195,  1180  <-S02-C6B^CH3-p),  1030  cm"1  (C-F). 

Anal.  CSalcd  for  C^^F^SO^ :  C,  37*68;  H,  3.89;  N,  6.76.  Found: 

C,  37-62;  H,  3-83;  N,  6.6l. 

Further  elution  with  4:1  methylene  chloride -ethyl  acetate  gave  0.033  g 
(18.5^)  of  ll-hydroxy-2 , 6 , 10- trlf luoro-2 , 6 , 10- trlnltro-4 , 6-dioxa- 1-undecyl 
p- toluene sulfonate .  Crystallization  from  methylene  chloride -hexane  gave  an 
analytical  sample:  op  93-94°C ;  NMR  (acetone-Dg)  <1^2.45  (s,  3  H,  ®3), 

3.97-4.90  (m,  12  H,  -CHg-),  and  J.kl  (m,  4  H,  C^);  19F  NMR  (acetone  -  Dg) 
140.2  (hr  m,  2  F,  HOCH2CF(N02)CH2OCH2CF(NO2)CH2O-),  142.0  (hr  m,  1  F, 
-Cy(N02)CH20CfeH4);  IR  (CHgClg)  3650  (-0H),  1585,  1360  (-NOg),  138O,  1200,  1185 
(-OTs),  1040  cm"1  (C-F). 

Anal.  Calcd  for  c16H2oF3N3SOl2 :  C'  35*89;  H,  3*77;  H,  7*85*  Found: 
c,  35*9*»;  H,  3.83;  N,  7*92* 

3-Azldo-2-fluoro-2-nltro-l-propanol.  A  solution  of  0.293  g  (1*0  mmol) 
of  2-fluoro-3-hydroxy-2-nltro-l-propyl  p- toluene sulfonate  and  O.O69  g  (1*0 
mmol)  of  sodium  azide  in  3  mL  of  dimethyl  sulfoxide  was  heated  at  55°C  for 


66  h.  The  reaction  mixture  was  then  cooled,  diluted  with  lfl  aL  of  water,  and 
extracted  with  methylene  chloride  (3  x  10  aL).  The  methylene  chloride  solu¬ 
tion  was  washed  with  water  (2  x  10  mL),  dried  and  evaporated  to  give  0.11  g 
of  a  yellow  oil  consisting  of  3-ezido-2-fluoro-2-nltro- 1-propanol  (51 .8£ 
yield  by  *H  NMR)  contaminated  with  small  amounts  of  monotosylate  and  M60. 

NMR  (CDClj)  <5  3.90  (d,  J-16  Hz,  2  H,  -CHgOH),  4.00  (d,  J«l6  Hz,  2  H,  -CHgNj) 
19P  NMR  (CDClj)  <j>  137-0  (quintet,  J-l6  Hz);  IR  (CHgClg)  2150  (-Nj),  5185, 
1380  cm’1  (-N02). 

The  crude  azide  and  0.050  g, (0.7  mmol) of  proplolic  acid  were  dissolved 
in  0.6  mL  of  chloroform.  After  several  days  O.O77  g  of  l-(2-fluoro-3-hy- 
droxy- 2 - ni tropropyl ) -4-(or  5- ) -carboxy-1, 2, 3- triazole  was  Isolated  by  fil¬ 
tration.  Recrystallization  from  acetonltrlle-carbon  tetrachloride  gave  an 
aialytlcal  sample:  mp  175-177°C ;  ^  NMR  (acetone-Dg) 6 4.13  and  4.42  (s  and 
AB  q,  2  H,  -CSgOH),  5-30  and  5-53  (s  and  AB  q,  2  H,  -CHg-N),  7-25  (br  s,  1  H, 
-OOgH),  8.38  (s,  1  H,  triazole);  19F  NMR  (acetone-D6)  <j>  139.2  (quintet, 

J-16  Hz). 

Anal.  Oalcd  for  C£HfFfy05:  C,  30. 78;  H,  3-01.  Found:  C,  30.59; 

H,  3-22. 

1 , 3-Dlazido-2- f luoro-2-nitropropane .  A  solution  of  0.447  g  (1.0  mmol) 
of  2-fluoro-2-nitro-l, 3-propylene  dltosylate  and  0.20  g  (3.0  mmol)  of  sodium 
a2ide  in  5  mL  of  dimethyl  sulfoxide  was  heated  at  65°C  for  20  h.  The  reac¬ 
tion  mixture  was  then  cooled,  diluted  with  45  ml  of  water,  and  extracted  with 
methylene  chloride  (3  x  20  mL).  The  methylene  chloride  solution  was  washed 
•with  water  (5  x  30  aL),  dried  and  stripped  of  solvent  to  give  0.184  g 


(97.1$)  of  l,3-diazido-2-fluoro-3-nitropropene,  which  was  shown  by  H  IMR, 
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F  NMR,  and  IR  to  be  identical  with  the  material  obtained  previously. 

3-Bromo-2-fluoro-2-nitro- 1-propanol.  A  solution  of  0.697  g  (3*0  nmol) 
of  2-fluoro-3- hydroxy- 2 - ni t ro - 1 - propyl  p-toluenesulfonate  and  0.000  g  (9.0 
mmol)  of  lithium  bromide  (dried  overnight  at  135°C)  in  9  nL  of  dimethyl  sulf- 
oxide  was  heated  at  100°C  for  16  h.  No  monotosylate  remained  (  r  NMR).  The 
reaction  mixture  was  cooled,  diluted  with  01  mL  of  water,  and  extracted  with 
methylene  chloride  (3  x  30  mL)  to  give  1. 16  g  of  yellow  liquid.  Flash  chroma¬ 
tography11  (silica  gel,  9>1  methylene  chloride-ethyl  acetate)  afforded  0.486  g 
(80. 2$)  of  3-bromo-2-fluoro-2-nltro-l-propanol,  identical  with  an  authentic 
sample.^ 

2 -Fluoro- 3 -methoxy-2-nltro- 1-propanol.  To  20  mL  of  a  1.0  M  solution 
of  potassium  methoxlde  in  methanol  was  added  2.93  g  (10.0  mmol)  of  2-fluoro-3- 
hydroxy-2-nitro-l- propyl  p-toluenesulfonate.  The  mixture  was  stirred  for  30 
min  and  the  resulting  precipitate  was  filtered  and  washed  with  methanol.  Sol¬ 
vent  was  removed  from  the  combined  methanol  solutions  and  the  residue  was  dis¬ 
solved  in  10  mL  of  water.  The  aqueous  solution  was  extracted  with  methylene 
chloride  (3  x  15  mL)  and  ether  (2  x  14  mL),  acidified  to  pH  6,  and  extracted 
again  With  ether  (2  x  15  mL).  The  combined  organic  solutions  were  then  dried 
and  evaporated.  Chromatography  on  45  g  of  silica  gel  (methylene  chloride- 
ethyl  acetate)  afforded  O.538  g  (35*2^)  of  2-fluoro-3-methoxy-2-nitro-l-pro- 
panol.  Vacuum  distillation  gave  an  analytical  sample:  bp  92-93°C  (0.27  nan); 
■Si  NMR  (CDC13)^2.92  (br  s,  1  H,  -OH),  3-43  (s,  3  H,  -OCHj),  3.77  and  4.05  (s 
and  AB  quartet,  2  H,  -CHgOCH^),  3.93  and  4.20  (s  and  AB  quartet,  2  H,  -CHpQH); 
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F  NMR  (CDC13)  9  Iko.k  (quintet,  J«l6  Hz);  IR  (CHgClg)  3630  (-OR),  1570, 

1355  (-NOg),  1060  cm’1  (C-F). 

Anal.  Oalcd  for  C^HgFNO^:  C,  31-39*  H,  5.27;  N,  9.15.  Found:  C, 

31. 50;  H,  5-01;  N,  8.95- 

Dimethyl  2-Fluoro-2-nltroethylmalonate .  Dimethyl  malonate  (1.53  g, 

11  mmol)  was  added  dropwise  with  stirring  to  a  suspension  of  10  mmol  of  so¬ 
dium  hydride  in  10  mL  of  dry  tetrahydrofuran  at  0°C,  and  O.586  g  (2.0  mmol) 
of  2-fluoro-3-hydroxy-2-nitro-l-propyl  p-toluenesulfonate  was  added  to  the 
resulting  gel.  A  homogeneous  solution  formed  in  10  min  that  6lowly  became 
viscous.  After  17  h,  10  mL  of  1.0  M  HC1  was  added  slowly  with  cooling,  and 
the  product  was  extracted  with  ethyl  acetate  (2  x  20  mL).  The  ethyl  acetate 
solution  was  dried  and  solvent  was  removed,  and  the  residue  was  extracted 
with  methylene  chloride.  Chromatography  of  the  extract  (50  g  of  silica  gel, 
methylene  chloride -ethyl  acetate)  gave  0.130  g  (29- 15k) of  dimethyl  2-fluoro- 
2-nltroethylmalonate,  a  viscous  oil:  NMR  (CDCl^) <^2. 35-3- 10  (m,  2  H, 

Oi2),  3-63  (t,  J=8  Hz,  1  H,  01002CH3),  3-77  (s,  6  H,  002CH3),  5-53  and  6.33 
(d,t,  J=6  and  47  Hz,  1  H,  H-CFN02);  19F  NMR  ( CDC1 3)  ^  145.9  (d,t,  J=20  and 
48  Hz);  IR  (CH2C12)  1740  (C02CH3),  1580,  1360  (-N02),  IO65  cm"1  (C-F). 

Anal.  Calcd  for  CyH^QFNOg:  Found:  C,  37-68;  H,  4.52;  N,  6.28. 
Found:  C,  37-62;  H,  4.49;  N,  6.12. 

Dimethyl  2-Fluoro-3-hydroxy-2-nitropropylmalonate.  Dimethyl  malonate 
(0.277  g*  2.0  mmol)  was  added  dropwise  at  0°  to  a  suspension  of  60dium  hy¬ 
dride  (2.0  mmol)  in  10  mL  of  dry  tetrahydrofuran,  and  0.293  g  (1-0  mmol) 
of  2-fluoro-3-hydroxy-2-nitro-l-propyl  p-toluenesulfonate  was  added'.  The 
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mixture  was  stirred  at  room  temperature  for  21  h  and  0.1  mL  (2  mmol)  of  for¬ 
malin  was  then  added.  The  reaction  mixture  was  then  cooled  to  0°C  and  10  mL 
of  1.0  M  HC1  was  added  dropwise.  The  resulting  solution  was  extracted  with 
ethyl  acetate  (2  x  20  mL),  and  the  ethyl  acetate  solution  was  dried  and  eva¬ 
porated.  Flash  chromatography11  (9:1  methylene  chloride -ethyl  acetate)  of 
the  residue  gave  0.062  g  (24. 5^)  of  analytically  pure  dimethyl  2-fluoro-3- 
hydroxy-2-nitropropylmalonate :  H  NMR  (CDCl^)  <^2-93  (Lr  s,  1  H,  -OH),  2.72 
and  3*02  (d  of  d,  J=7  and  18  Hz,  2  H,  GFC&2,  3*53  (t,  J*7  Hz,  1  H,  C-H), 

3-72  and  3.73  (s,  6  H,  002CH3),  3-90  and  4.17  (s  and  AB  quartet,  2  H,  -CHgOH); 
19F  NMR  (CDC13)  <|>  134.8  (quintet,  J=l8  Hz);  IR  (CHgClg)  3620  (-0H),  1740 
(-CX^CH^,  1570,  1350  (-N02),  1080  cm’1  (C-F). 

Anal.  Calcd  for  CgH^gFNOy :  C,  37-95;  H,  4.78;  H,  5-53-  Found:  C, 
37-81;  H,  4.77;  N,  5-46. 

7 - Bromo-2 , 6 -dif luoro-2 , 6-dinitro-4 -oxaheptan- 1- ol .  A.  A  1.0  M  potas¬ 
sium  hydroxide  solution  (2.0  mL)  was  added  to  a  solution  of  0.404  g  (2.0  mmol) 

2 

of  3-bromo-2-fluoro-2-nitro-l-propanol  in  2.0  mL  of  dloxane.  The  resulting 

orange  solution  was  stirred  at  room  temperature  for  30  min  and  was  then 

extracted  with  ethyl  acetate  (3  x  10  mL).  The  ethyl  acetate  solution  was 

11 

dried  and  solvent  was  removed.  Flash  chromatography  of  the  residue  on 
silica  gel  (9:1  methylene  chloride-ethyl  acetate)  afforded  0.101  g  (31-3^) 
of  7-bromo-2,6-dif luoro-2, 6-dinitro-4-oxaheptan-l-ol:  H  lttffl  (GDCl^)  3.75- 

4.38  (m,  8  H,  -02),  2.60  (br  s,  1  H,  -OH);  19F  Nt«  (CDCI3)  §  131-2 

(quintet,  J«l6  Hz,  1  F,  CF(N02)-CH2Br),  139-6  (quintet,  J-l6  Hz,  1  F, 

CF(N02)- CHgOH;  IR  (CHgCU)  3640  (-0K),  1580  and  1355  cm’1  (-Kfe)* 

B.  A  solution  of  0.111  g  (0.27  mmol)  of  2,6-difluoro-7  hydroxy-2, 6-dinitro- 
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4-oxa-l-heptyl  p-toluenesulfonate  and  0.050  g  (0.6  nmol)  of  dry  lithium 

bromide  In  1.1  mL  of  dry  DM50  was  heated  at  100°C  for  16  h.  The  reaction 

mixture  was  cooled,  diluted  with  10  mL  of  water  and  extracted  with  ether 

(3  x  10  mL).  Flash  chromatography  of  the  residue  on  silica  gel  (9:1 

methylene  chloride-ethyl  acetate)  afforded  0.060  g  (69«3J&)  of  7-bromo-2, 

6-difluoro-2,6-dinitro-4-oxaheptan-l-ol,  which  was  identical  by  NMR, 

19 

F  NMR,  and  IR  with  the  above  material. 
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